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ELECTROCHEMICAL AND ELECTROFLOTATION PROCESSES FOR MILK
WASTE WATER TREATMENT
MOHAMMED SULEIMAN ALAHMAD
ABSTRACT
The dairy industry generates abundant milk waste waters characterized by high 
biochemical oxygen demand (BOD) and chemical oxygen demand (COD) concentrations 
that can be very harmful to the environment, if left untreated. Electrocoagulation (EC) has 
been in use for waste water treatment. The treatment application uses aluminum electrodes 
and iron or the combined hybrid Al/Fe electrodes. Milk waste water contains high 
concentration organic pollutants and the main constituents of those organics are 
carbohydrates, proteins and fats, originating from the milk. The process of separating the 
flocculated sludge from waste water that has been treated using the electrocoagulation 
process can be accomplished by the flotation processes.
The electroflotation technology is effective in removing colloidal particles, oil,
grease, as well as organic pollutants from waste water. This study uses electrochemical and
electroflotation treatment of milk waste water by means of an aluminum electrode with
specific parameters including total organic carbon (TOC), pH, turbidity, transmittance, and
temperature. Even though the electrochemical and electroflotation treatment processes
vi
have been around for some time, it has not been thoroughly studied. This study is going to
highlight the importance of this technique as a pre-treatment method of milk waste water
and its contribution to the reduction of pollutants in the milk processing industry.
Furthermore, the process of electroflotation and electrochemical flotation continuously
prove to be effective in remediation of varieties of pollutants of different chemical
compositions and have the ability to achieve a very high treatment efficiency.
Keyword: Electrocoagulation; Electrochemical; Electroflotation; Total organic carbon
(TOC); Biochemical oxygen demand (BOD); Chemical oxygen demand (COD);
Transmittance ; Turbidity; and pH.
vii
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CHAPTER I
INTRODUCTION
With the increasing population and the continuous shifting of food resources the 
dairy industry is usually considered to be one of the largest source of food processing waste 
water and its containments all over the globe. As a result of the improved standard of waste 
water effluent and continuous enhanced environmental regulations, it became obvious the 
need for more improved waste water treatment standards and more stringent process 
requirements [1]. The technology of using electricity for potential use for waste water 
treatment was first evaluated in UK around 1889 [2]. Electrocoagulation (EC) using rods 
made of iron and aluminum electrodes was first patented in the U.S. in 1909. 
Electrocoagulation for drinking water was initially used in the U.S. in 1946 [3, 4]. As 
drinking water standard becomes stricter along with the increasing demand for fresh clean 
water combined with the increasing regulatory standards towards safe drinking water and 
waste water discharge, electrochemical and electroflotation methods have become more 
important than ever and their application has increased worldwide. Nowadays, companies 
treating drinking water are also treating wide range of waste water discharge including
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electroplating, dairy, tannery, oil in water emulsion and textile. Electrochemical and
electroflotation methods are becoming more competitive in comparison with other methods
with respect to efficiency and cost [5-7].
The dairy industry generates a large amount of waste water. As a matter of fact, it 
generates approximately 0.2 L to 10 L of waste per liter of processed milk [8]. Waste waters 
from agro-industries are characterized by high chemical oxygen demand (COD) due to 
their high level of organic contents [9]. If left untreated, the effluent of dairy waste water 
contains high levels of nitrogen (N) and phosphorous (P). Discharging waste water with 
high levels of phosphorus and nitrogen can result in eutrophication of receiving waters, 
particularly lakes and slow moving rivers [10-12]. Treating milk waste water effluents is 
thus of crucial importance not only for the environment, but also for the purpose of 
recycling water for use in industrial processes and other uses [13]. New water policies 
around the world are demanding more integrated, participatory, sustainable, efficient, and 
equitable planning and management of water resources, and set the river basin as the 
adequate unit of analysis and solution. These environmental objectives include ecological 
objectives, environmental laws, physical and chemical conditions of the water bodies and
other restoration measures [14].
Electroflotation processes use small bubbles generated from the interaction of 
aqueous solution electrolysis and the floating elements to the top as float. As a result of 
this procedure dispersed fine gas bubble particles are generated using metallic cathode and 
metallic anode as electrodes in the process. Those fine foam bubbles are the key behind 
this process, whereas those fine bubbles contain the pollutants of different sources and trap 
them inside the bubbles and lift them up to the surface of the reactor unit to be easily
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skimmed out and disposed of. Turbidity will increase due to the formation of the gas
bubbles, but later on the gas bubbles will disappear and the waste water will become less 
turbid. It is to be noted that initially during coagulation some electrolytic particles may 
react with soluble organic matter as free radicals which might cause transformation of the 
particles. In short words electrocoagulation is defined as the formation of coagulants by 
generating electricity from metal electrodes such as iron and aluminum. Whereas
electroflotation is a process that floats the pollutant in tiny bubbles to the surface of a waste
water of oxygen and hydrogen in which they form the electrolysis process in the reactor
cell.
Electroflotation (ECF) and electrochemical oxidation have been developed for the 
treatment of waste water. According to studies, it has been found that ECF was very 
effective for the treatment of a different range of water and waste water, such as colored 
water [15], fluoride-containing water [16,17], heavy metal containing water [18,19], 
laundry waste water [20], restaurant waste water [21], oil waste water [22], chemical 
mechanical polishing waste water [23], and textile waste water [24]. It is known that, many 
physico-chemical and biological methods are used to treat dairy effluent, as physico­
chemical processes consisting of high reagent costs and low soluble COD removal. 
Furthermore, chemical treatment methods could induce a secondary pollution due to the 
fact that chemical additives may contaminate the treated water [9]. Electrocoagulation is 
an electrolytic process that has been carried out for the treatment of various liquid wastes. 
The methodology to achieve this process is for a direct current to be imposed on soluble 
anodes like aluminum, iron or their alloys in an electrochemical cell acting as the reactor 
for the experiment. This results in the dissolution of the electrode to yield metal ions (Al3+)
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which are active coagulants precursors involved in the neutralization of the negative
charges on the colloids of the effluent. These metal ions then react with the hydroxyl ions 
generated at the cathode to give metal hydroxides which favor the formation of flocs; these 
flocs are easily separated by decantation or filtration, depending upon their density [25­
27].
Electrocoagulation (EC) process has been around for a long time and attracted 
some momentum in the past few decades, not only because of its effectiveness in removal 
of variety sources of pollutants from waste waters and industries but also for its role in 
preserving the environment , its simplicity and environmental compatibility. 
Electrocoagulation technology has advantages over conventional techniques in terms of its 
simplicity, easy standards to use the equipment, simple operation, minimum chemicals 
added, limited retention time, minimum formation of floats. Therefore EC technology is 
considered as an effective and reliable technology in removing different contaminants from
waste water. [28].
This study is focusing on the treatment of dairy milk waste water using 
electrocoagulation technology by examining different types of coagulants at different 
concentrations using different current density, whereas aluminum electrodes are used to 
achieve the optimum level of treatment of the organic pollutants present in the dairy waste
water.
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1.1 OBJECTIVES OF THE STUDY
The objective of this study is to determine the optimal removal treatment for 
synthetic milk waste water using electrocoagulation and electrocoagulation flotation 
technologies, using in situ coagulation and added coagulants including aluminum sulfate 
Al2(SO4)3 , Ferric chloride FeCl3 and Ferric sulfate Fe2(SO4)3. Using different parameters 
as indicators to treatment efficiency including turbidity, transmittance and total organic 
carbon (TOC). The coagulants in this study are used in variable concentration including 50 
mg/l, 100 mg/l and 150 mg/l. The synthetic milk waste water were studied under different 
strengths to give a broad range of removal and their optimal treatment at different 
concentrations. These concentrations are low strength at 150 mg/l, medium strength at 575 
mg/l and high strength at 1000 mg/l. The experiments were also carried out using different 
ampere currents to demonstrate the most efficient current in removal of the synthetic milk 
waste water. These currents were 0.5 Ampere, 1 Ampere and 1.5 Ampere.
In summary, the objective of the study includes:
1. To find the optimal removal of milk wastes using the electrocoagulation technology.
2. To determine the most efficient coagulants to be used in treatment at different strengths.
3. To determine the percentage of removal of turbidity in the experiments under different 
parameters to reach the optimal removable percentage.
4. To determine the transmittance increase or decrease in the scope of the experiments to 
reach the most transmittance treatment.
5. To understand the effect of temperature on the electrocoagulation processes and its role in
the treatment.
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6. To understand the effect and role of pH on the removal process.
7. To develop a better understanding of the effects surrounding the electrocoagulation and
flotation process.
8. To apply minitab as a mathematical model to predict the optimal removal process in regard
to variable treatment parameters.
9. To use different parameters under different variables and conditions to compare results
and understand the process at different levels of the treatment.
10. To compare electrocoagulation and electroflotation with other methods used in the 
industry.
1.2 SCOPE OF THE STUDY
The scope of the study started initially by collecting literature review and reading 
about the subject in comparison to other alternative methods in the literature. Lots of work 
went into reading the published scientific journals. Complete investigation of the 
electrocoagulation flotation technology was performed until the author was familiarized 
with the ECF methods and deeply understood the entire process.
Next step was to design the reactor in which the experiments were going to be 
conducted. For this in depth knowledge and literature review was obtained. It was 
determined that a rectangular plastic reactor was a suitable fit for the experiments. As for 
the power supply, a digital direct current power supply was purchased from the internet to 
generate the ampere and voltage needed to carry out the experiments. Electrodes were to 
be used as in-situ coagulants and act as electrodes. Aluminum sheets were purchased and 
cut into a rectangular pieces with the help of Cleveland State Engineering staff then wires
were attached into the electrodes to be used as conductor then the wires were connected
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from both ends to the digital direct current power supply. All the mentioned equipment
were built and tested by personnel and employees from the Washkewicz College of 
Engineering at Cleveland State University.
Next step was to familiarize myself with the equipment needed to carry out and test 
the experiments that will be performed, including the turbidity meter, the transmittance 
meter and most importantly the total organic carbon instruments. The next step was to 
determine the type of electrolytic agent to be used as a conductor and after thorough 
investigation it was determined to be salt. Experimental runs were carried out to determine 
the amount of salt needed to reach the specific current density needed in our study.
More preliminary experiments were conducted to measure the entire Batch reactor 
system and its performance in regard to pH, conductivity, temperature and Total Organic 
Carbon to see how the bench scale reactor design works and to make the necessary 
adjustments needed to carry out the entire experiments as a whole in the study.
The next step of the study was divided into two groups. Group one consisted of taking 
measurements of the samples without any addition of external coagulants, and was divided 
into nine steps.
1. Measuring synthetic milk waste water concentration of low strength of 150 mg/l using 
low current density with 0.5 ampere without any addition of external coagulants , and 
measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5, 10, 
20 and 30 minutes.
2. Measuring synthetic milk waste water concentration of medium strength of 575 mg/l 
using low current density with 0.5 ampere without any addition of external coagulants,
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and measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5,
10, 20 and 30 minutes.
3. Measuring synthetic milk waste water concentration of high strength of 1000 mg/l using 
low current density with 0.5 ampere without any addition of external coagulants, and 
measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5, 10,
20 and 30 minutes.
4. Measuring synthetic milk waste water concentration of low strength of 150 mg/l using 
medium current density with 1 ampere without any addition of external coagulants , and 
measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5, 10,
20 and 30 minutes.
5. Measuring synthetic milk waste water concentration of medium strength of 575 mg/l 
using medium current density with 1 ampere without any addition of external coagulants , 
and measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5, 
10, 20 and 30 minutes
6. Measuring synthetic milk waste water concentration of high strength of 1000 mg/l using 
medium current density with 1 ampere without any addition of external coagulants , and 
measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5, 10,
20 and 30 minutes.
7. Measuring synthetic milk waste water concentration of low strength of 150 mg/l using 
high current density with 1.5 ampere without any addition of external coagulants , and 
measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5, 10,
20 and 30 minutes.
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8. Measuring synthetic milk waste water concentration of medium strength of 575 mg/l
using high current density with 1.5 ampere without any addition of external coagulants ,
and measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5,
10, 20 and 30 minutes.
9. Measuring synthetic milk waste water concentration of high strength of 1000 mg/l using
high current density with 1.5 ampere without any addition of external coagulants , and
measuring pH, temperature, transmittance and TOC at different time intervals of 0, 5, 10,
20 and 30 minutes.
Group two was performed using an external addition of coagulating agents to 
enhance the removal of the synthetic milk waste, to determine which coagulant and at 
which concentration will perform best to reach the optimum level of removal of TOC. 
Three types of coagulants were used at different strengths - low, medium and high using 
three different current densities. Group two consisted of:
1. Measuring synthetic milk waste water of low strength of 150 mg/l, at low current density 
using 0.5 ampere with the addition of three different coagulants including aluminum sulfate 
Al2(SO4)3, ferric chloride FeCl3 and ferric sulfate Fe(SO4)2 as an external coagulant agent 
at three different concentrations of low strength of 50 mg/l, medium strength of 100 mg/l 
and high strength of 150 mg/l by taking measurements of different parameters including 
pH, temperature, turbidity, transmittance and Total Organic Content at different time 
intervals of 0, 5, 10, 20 and 30 minutes.
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2. Measuring synthetic milk waste water of low strength of 150 mg/l, at medium current
density using 1 ampere with the addition of three different coagulants including aluminum
sulfate Al2(SO4)3 , ferric chloride FeCl3 and ferric sulfate Fe(SO4)2 as an external
coagulating agent at three different concentrations of low strength 50 mg/l, medium
strength of 100 mg/l and high strength of 150 mg/l by taking measurements of different
parameters including pH, temperature, turbidity, transmittance and Total Organic Content
at different time intervals of 0, 5, 10, 20 and 30 minutes.
3. Measuring synthetic milk waste water of low strength of 150 mg/l, at high current density 
using 1.5 ampere with the addition of three different coagulants including aluminum sulfate 
Al2(SO4)3, ferric chloride FeCl3 and ferric sulfate Fe(SO4)2 as an external coagulant agent 
at three different concentrations of low strength 50 mg/l, medium strength of 100 mg/l and 
high strength of 150 mg/l. by taking measurements of different parameters including pH, 
temperature, turbidity, transmittance and Total Organic Content at different time intervals 
of 0, 5, 10, 20 and 30 minutes.
4. Measuring synthetic milk waste water of medium strength of 575 mg/l, at low current 
density using 0.5 ampere with the addition of three different coagulants including 
aluminum sulfate Al2(SO4)3, ferric chloride FeCl3 and ferric sulfate Fe(SO4)2 as an external 
coagulant agent at three different concentrations of low strength 50 mg/l, medium strength 
of 100mg/l and high strength of 150 mg/l. by taking measurements of different parameters 
including pH, temperature, turbidity, transmittance and Total Organic Content at different 
time intervals of 0, 5, 10, 20 and 30 minutes.
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5. Measuring synthetic milk waste water of medium strength of 575 mg/l, at medium current
density using 1 ampere with the addition of three different coagulants including aluminum
sulfate Al2(SO4)3, ferric chloride FeCl3 and ferric sulfate Fe (SO4)2 as an external coagulant
agent at three different concentrations of low strength 50 mg/l, medium strength of 100
mg/l and high strength of 150 mg/l by taking measurements of different parameters
including pH, temperature, turbidity, transmittance and Total Organic Content at different
time intervals of 0, 5, 10, 20 and 30 minutes.
6. Measuring synthetic milk waste water of medium strength of 575 mg/l, at high current 
density using 1.5 ampere with the addition of three different coagulants including 
aluminum sulfate Al2(SO4)3, ferric chloride FeCl3 and ferric sulfate Fe (SO4)2 as an external 
coagulant agent at three different concentrations of low strength 50 mg/l, medium strength 
of 100mg/l and high strength of 150 mg/l by taking measurements of different parameters 
including pH, temperature, turbidity, transmittance and Total Organic Content at different 
time intervals of 0, 5, 10, 20 and 30 minutes.
7. Measuring synthetic milk waste water of high strength of 1000 mg/l, at low current density 
using 0.5 ampere with the addition of three different coagulants including aluminum sulfate 
Al2(SO4)3 , ferric chloride FeCl3 and ferric sulfate Fe(SO4)2 as an external coagulant agent 
at three different concentrations of low strength 50 mg/l, medium strength of 100 mg/l and 
high strength of 150 mg/l by taking measurements of different parameters including pH, 
temperature, turbidity, transmittance and total organic carbon at different time intervals of 
0, 5, 10, 20 and 30 minutes.
8. Measuring synthetic milk waste water of high strength of 1000 mg/l, at medium current 
density using 1 ampere with the addition of three different coagulants including aluminum
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sulfate Al2SO4)3 , ferric chloride FeCl3 and ferric sulfate Fe (SO4)2 as an external
coagulating agent at three different concentrations of low strength 50 mg/l, medium
strength of 100 mg/l and high strength of 150 mg/l by taking measurements of different
parameters including pH, temperature, turbidity, transmittance and total organic carbon at
different time intervals of 0, 5, 10, 20 and 30 minutes.
9. Measuring synthetic milk waste water of high strength of 1000 mg/l, at high current density
using 1.5 ampere with the addition of three different coagulants including aluminum sulfate
Al2(SO4)3 , ferric chloride FeCl3 and ferric sulfate Fe(SO4)2 as an external coagulant agent 
at three different concentrations of low strength 50 mg/l, medium strength of 100 mg/l and 
high strength of 150 mg/l by taking measurements of different parameters including pH, 
temperature, turbidity, transmittance and total organic carbon at different time intervals of 
0, 5, 10, 20 and 30 minutes.
The last phase in this work was to analyze the results and make comparisons 
between the different coagulants used to find out the most efficient method and the 
optimal removal techniques, and to plug the results into the mathematical program data of 
minitab to make the comparison of the different experiments and their output.
1.3 ORGANIZATION OF THE MANUSCRIPT
This textbook has been divided into five different chapters in order to make it
easier for the reader to read and follow the experimental study without any hardship.
Chapter I deals with general introduction about the study and some materials about ECF
method. It also deals with the objective of the study and the scope of the study. Chapter II
deals with literature review and technical background in connection to
electrocoagulation/flotation technology objectives and present the reader with the ability
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to understand the ECF technology and the variables studied on the subject. Chapter III
deals with the materials, equipment and methods used in this study. Chapter IV deals
with the results obtained in this study along with the discussions. Chapter V includes
recommendations, summary and conclusions of the study.
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CHAPTER II
LITERATURE REVIEW
2.1 BACKGROUND
Electrochemical and electroflotation processes for milk waste water treatment has
been a recent technological advancement that is capable of achieving the optimum removal 
of toxic component of the waste for the purpose of implementing a mathematical model to 
optimize the removal rate based on given parameters.
Waste water generated by textile and metal finishing industry are of major concern 
and environmental nightmare worldwide. Dye bath industrial waste water discharge is a 
major contribution as a polluting substance to the water by toxic elements in the formation 
in which the dye been made of also it can decrease the amount of light penetrating the 
lakes, and thus change the lake color from its original, this process also effect rivers and 
receiving water, which disturb the biological activities. Some dye types may hold toxic 
chemical elements [29]. The main distinguished characteristics of textile dye waste water 
are temperature, pH, and elevated dying concentration substance found in the textile.
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Different methods of treating dyed waste water can be achieved through activated carbon
adsorption, ultrafiltration, ozonation, biological treatment, chemical coagulation, and
electrocoagulation-electroflotation (EC-EF) [30,31]. In regard to which method is more
cost efficient it was found that ozonation, adsorption, and ultrafiltration usually are more
costly than chemical coagulation technology. The coagulants are generated by the 
dissolution of the scarified anode [30-32], and followed by the formation of hydrogen 
bubbles; hydrogen bubbles formation at the cathodes allows the floats of the suspended 
particles to be floats to the surface of the reactor.
Electrochemical and electro flotation technologies uses various electric current 
density to generate metal ions in solution. It has been proved that the EC technology is 
efficient in removing dissolved metals, dissolved dye and the solids that are suspended in 
the water. Contaminants are removed in waste water by using electricity as source of 
elimination. The trivalent ions in EC are mostly neutralized using ions carrying electric 
charge opposite to the electrode and this happens when pH is over 3 in most cases [33].
Electrochemical process produces cations (polyvalent) cations by oxidizing the 
sacrificed anode of iron or aluminum and then flotation processes of the pollutants in the 
solution upward for removal. Ion reacts with the OH- ion to generate gaseous H2 evolution 
at the cathodes yielding insoluble hydroxides products which adsorbs pollutants from the
solution.
The electrocoagulation processes in the reactions are:
At the anodes,
M→Mn+ + ne- (1)
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At the cathodes,
nH2O + ne→n∕2H2 + nOH- (2)
Where, M = anodes particles and n = the number of electrons that are subjected to 
(oxidation/reduction) reaction. The ions like iron or aluminum are soluble metals which 
are generated at the anodes and will react at the cathode with the hydroxides ions being 
generated, this reaction produce hydroxides in the form as
Mn+ + nOH- →M (OH) n (3)
Recently it has been found the external water treatment units are important in
recirculating aquaculture systems (RAS) treatment as long as the water is maintained with
high RAS quality. Different treatment methods are available including ozone oxidations,
bio filtration, sedimentation, membrane UV flocculation, foam fractionations, ozone
oxidation, bio filtration, and bioreactors. Even though the above methods have the ability
to remove contaminants found in marine aquaculture system, some limitations are present
when dealing with them, such as high cost of operations [34]. Therefore, electrochemical
technology is seen as an alternative technology to treat waste water generated from marine
aqua cultural systems (RAS). The advantage of Electrochemical method over other
methods in terms of conductivity is that electrochemical method favors usage of high
percentage salinity which makes it perfect for electrical conductivity which leads to the
reduction of electricity used in the process, and also the high percentage of chloride
concentrations lead to improved indirect oxidation by the electro generations of oxidant as
hypochlorous [35]. Oxidants are electrically produced at the anode, which makes is easier
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for the operation to be controlled by the electrolysis condition. Furthermore, hydrogen gas
generated at the cathodes can float large amounts of suspended solid matter (SS), which
tends to act as particle separations [36]. Electrochemical treatment technology technique
have been studied for synthetic fresh water, seawater, and waste water generated by fish
farms [35, 37, 38].
The energy consumed by electrochemical processes is calculated as follows:
E = UJAt /1000 V (4)
E: energy consumed, kWh/m3 waste water; U equals the amount of electrolysis electrical 
voltage produced by the anodes
The cathodes, V; J = current density, A/m2; A equals area of the electrode, m2; t equals the 
retention time, h; V electrochemical reactor volume used (m3). According to equation (4), 
energy consumed is directly related to retention time and current density. It is to be noted 
that longer is the retention time and higher is the current density, the higher is the energy 
being consumed.
Based on previous studies, the removal of ammonia and phosphate can be done
using electrocoagulation and electro oxidation. However, among studies mentioned both
phosphate and ammonia pollutants was achieved using electrochemical processes with
high efficiency removal. Furthermore, it also could remove waste water effluent containing
ammonia through electro oxidations processes [39]. Many researchers tested
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Electrocoagulation-electro flotation (EC-EF) and found that this technology is cost 
effective and efficient in treating waste water contaminants [40-42]. Phosphate pollutants 
were removed using electrocoagulation [43-45].
Electrocoagulation processes involve generations of coagulant in situ through 
electrical dissolving of aluminum, iron or hybrid electrodes whereas ion generations occur 
at the anodes while hydrogen gases are generated and released at the cathodes, the released 
hydrogen gases ensure the transportation of float particles that are flocculated out of the 
water to waste water to the surface as sludge. This process is called electroflocculation.
2.2 MILK WASTE WATER
The reuse of waste water is being considered globally for agriculture and other 
industries [46]. However, the quality of reused and recycled waste must be addressed 
before waste water can be put for a broader usage [47]. Waste water recycling and treatment 
processes must focus on organic compounds present in the dissolved and particulate phases 
of the organic compounds within or attached to particulates which have been identified as 
a potential problem with the particulates as a source of toxic compounds [48, 50]. Milk 
waste waters commonly contain milk, by-products of the processing operations, cleaning 
products, and various additives that may be used in the factory. Milk contains water (87%), 
fat (4%), protein (3.5%), lactose (4.7%), and other minerals and inorganic compounds 
(0.8%) [51]. The fat content ranges from 3 to 5%, with a major component being 
triacylglycerol (98%). Other fat components include phospholipids (0.5 to 1% of fat) and 
sterols (0.2 to 0.5% of fat). Depending on the diet of the cows, milk can also contain other 
trace organic compounds, such as plant-derived terpenes [52].
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The dairy industry is generally considered to be the largest source of food
processing waste water in many countries. As awareness of the importance of improved
standards of waste water treatment grows, process requirements have become more
stringent [53]. The dairy industry generates strong waste waters characterized by high
biological oxygen demand (BOD) and chemical oxygen demand (COD) concentrations,
high levels of dissolved or suspended solids including fats, oils and grease, nutrients such
as ammonia or minerals and phosphates and therefore require proper attention before
disposal [54]. Dairy industry waste effluents are concentrated in nature, and the main 
contributors of organic load to these effluents are carbohydrates, proteins and fats 
originating from the milk [55]. Discharging waste water with high levels of phosphorus (P) 
and nitrogen (N) can result in eutrophication of receiving waters, particularly in lakes and 
in slow moving rivers. To prevent these conditions, regulatory agencies in many countries 
have imposed nutrient discharge limits for waste water effluents. Recently, restrictions on 
P discharge have become more stringent in some regions of the United States. In recent 
times, researchers have shifted their interests in possibilities of reuse or recycling of 
industrial waste waters dairy industries [56, 57]. Dairy industry waste water are
characterized by high Chemical Oxygen Demand (COD), Biological Oxygen Demand
(BOD) and fats, [58] high concentrations of nutrients, variations in pH (4.2-11), and high
load of suspended solids (0.024-4.5 g/l) [59]. Due to high pollution load, dairy industry 
waste water must be treated before their discharge in any water body. The clean waste 
water stream has provided opportunities to substitute potable water with waste water both 
within the factory and for irrigation applications in the wider community. Segregation of 
clean and effluent waste water streams helps to mitigate issues of processing waste water
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known to occur in dairy processing plants due to the differences in the biodegradability of
milk compounds [60].
In dairy industries, water has been a key processing medium. Water is used 
throughout all steps of the dairy industry including cleaning, sanitization, heating, cooling 
and floor washing and naturally the requirement of water is huge. Dairy waste water is 
distinguished by the high BOD and COD contents, high levels of dissolved or suspended 
solids including fats, oils and grease, nutrients such as ammonia or minerals and phosphates
and therefore require proper attention before disposal [61].
2.2.1. TREATMENT OF MILK WASTE WATER
The highly variable nature of milk waste water in terms of volume, flow rates, pH, 
and suspended solid (SS) content makes the choice of an effective waste water treatment 
regime difficult [61]. Different technologies are used to treat milk waste water and their 
pollutants including: conventional aerobic treatment processes treatment [62, 63]. Aerobic 
purification of dairy waste water in batch reactors [64-66]. Aerobic purification of dairy 
waste water in continuous regime [67-69]. Anaerobic treatment method is also used to treat 
milk waste water [70, 71]. Anaerobic treatment processes are favorable methods for 
treating dairy waste effluents, as compared to aerobic processes, due to their well-known 
benefits for treating industrial waste waters, particularly from agricultural industries with 
a high organic content [72-77].
Other methods for waste water treatment include membrane treatment [78, 79],
constructed wetlands [80], and bioremediation [81, 82]. Aerobic biological processes are
high energy intensive whereas, effluents treated by anaerobic biological processes need
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additional treatment [83]. On the other hand, the physical/chemical methods that are proved
to be successful are coagulation/flocculation [84-87].
2.3 ELECTROCOAGULATION THEORY
2.3.1 THEORY
Electrocoagulation (EC) is based on the in situ formation of coagulant as the
sacrificial anode (usually aluminum or iron cations) corrodes owing to an applied current,
while the simultaneous evolution of hydrogen at the cathode allows for pollutant removal 
by flotation. This technique combines three main interdependent processes operating 
synergistically to remove pollutants: electrochemistry, coagulation and hydrodynamics 
[88]. The mechanism of EC is highly dependent on the chemistry of the aqueous medium, 
especially its conductivity. In addition, other characteristics such as pH, particle size, and 
chemical constituent concentrations also influence the EC process [89]. The most widely 
used electrode materials in electrocoagulation process are aluminum, iron and sometimes 
steel. The electrical current causes the dissolution of metal into waste water. The metal 
ions, at an appropriate pH value, can form wide ranges of coagulated species and metal 
hydroxides that destabilize and aggregate the suspended particles or precipitate and adsorb 
dissolved contaminants [90]. In the case of aluminum, main reactions are as follows:
Anode: Al → Al3+ + 3e- (5)
Cathode: 3H2 O + 3e-→3/21 l· + 3OH- (6)
The generated Al3+ and OH- react with each other to form Al(OH)3
Al3++ 3H2O → Al(OH) 3 + 3H+ (7)
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While in the case of iron or mild steel electrodes, the mechanisms for the production of
metal hydroxide are as [91-97]:
Anode: Fe → Fe2+ + 2e- (8)
2Fe2+ + 5 H2 O + 1/2O2 → 2Fe (OH) 3 + 4H+ (9)
Fe2+ + 2OH- → Fe (OH) 2 (10)
Cathode: 2H2 O + 2e-→ 2OH- + H2 (11)
Overall reaction:
2Fe + 5 H2 O + 1/2 O2 → 2Fe (OH) 3 + 2H2 (12)
Fe + 2H2O → Fe (OH) 2 + H2 (13)
During electrocoagulation process, metal hydroxides formation occurs, these flocs 
have a large surface area, which are beneficial for a rapid adsorption of soluble organic 
compounds and trapping of colloidal particles. Finally, these flocs are removed easily 
from aqueous medium by sedimentation or flotation. NaCl is added to obtain the
conductivity in EC process. The conductivity of the waste water is adjusted to the desired 
levels by adding an appropriate amount of NaCl [98]. When the concentration of NaCl 
salt in solution increases, conductivity of the solution and the current density increase. 
The higher ionic strength will generally cause an increase in current density at the same 
cell voltage or, equivalently, the cell voltage decreases with increasing waste water 
conductivity at constant current density. Consequently, the necessary voltage for certain 
current density will be diminished and the consumed electrical energy will decrease [99].
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Effect of initial pH on electrode consumption the electrode consumption values were
calculated according to Faraday's law in following manner:
mT = MIt/zF × 3600 (14)
Where mT is the theoretic amount of consumed aluminum (g/h), M is the
Atomic mass of Al+2 (=27 gram/mole), z is the valence (Al = 3), I is the current (A) and F 
is Faraday's constant (9.65×104 C/mole). According to Eq. (10), amount of the consumed 
aluminum depends on conductivity of the solution. Amount of the consumed iron depends 
on conductivity of the solution. The mass of substance dissolved at an electrode during 
electrolysis is proportional to the number of moles of electrons (the quantity of electricity) 
transferred at that electrode when conductivity is high; the effects of pH of waste water on 
electrocoagulation are reflected by the solubility of metal hydroxides [100].
Electrolysis process dissociates water molecules into two major ionic elements:
oxygen and hydrogen. Electrolytic reaction will happen at cathodes, and the anodes as
illustrated here:
2e- + 2H2O→ H2 (g) + 2OH- (15)
2H2O → O2 (g) + 4H+ + 4e- (16)
Usually the reduction reactions shown in equation (15) require 0.83 volts, while oxidation 
reaction depicted by equation (16) requires 1.23 volts. In solutions containing, NaCl found
to be of free ions, Cl- and Na+. The dissolution of NaCl at unsaturated condition is
illustrated in equation. (17).
NaCl → Na+ + Cl- (17)
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Na+ + e- → Na (18)
2H2O + 2e-→ H2 + 2OH- (19)
Illustrated by equations (18) and (19), we could notice two substances being reduced at the 
cathodes: water molecules and sodium ions. Chlorine ions and water molecules will 
undergo an oxidation process. Reactions in equation (20) and equation (21), gives clear 
picture of the reaction. Equation (20) represents ideal conditions. O2 gas and Cl2 might 
form a mixture at the electrodes due to the half reaction at the standard state potential.
2 Cl- → Cl2 + 2e- (20)
2H2O → O2 + 4H+ + 4e- (21)
Electrolysis products of aqueous sodium chlorides (Cl2 (g) and OH-) reacts forming sodium 
hypo-chlorite, as illustrated in eq. (22). Hypo-chlorite serves as disinfectant in waste water
by disinfecting pathogens and bacteria.
Cl2 (g) + 2 OH- (aq)→ Cl-(aq) + OCl-(aq) + H2O (l) (22)
This process generates two gases that could be applied on commercial bases namely 
hydrogen and chlorine gas. The production of NaOH is another product because it may be 
removed from the underneath of the electrolytic cells. The electrolytic cells are provided 
with a diaphragm which prevents NaOH that accumulates at the cathodes from contacting 
Cl2 produced at the anodes. The mixture solution of chlorine and hydrogen gases formed 
on one side and the aqueous sodium hydroxide solutions formed on the other side can be 
illustrated in eq. (23).
2 NaCl(aq) + 2 H2O(l) →2 Na+(aq) + 2 OH-(aq) + H2(g) + Cl2(g) (23)
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2.4 FACTORS AFFECTING COAGULATION
2.4.1 CURRENT DENSITY
Often is called charge loading, electrocoagulation current supply determine the 
amount of Fe2+ ions or Al3+ ions released from electrode in the experiment. For iron, the 
equivalent electrochemical mass value is 1041 mg/ (A.h) .Whereas aluminum value is 
335.6 mg/ (A.h). For iron, the value is 1041 mg/ (A.h). Current density is used to act as a
conductor between the electrodes. The amount of voltage passing through will increase or
decrease the current density accordingly.
In our study aluminum electrodes were used and table salt NaCl was used as a 
catalytic conductor , three current densities were applied in the study , low current density 
of 30 A/m2, medium current density of 60 A/m2 and high current density of 90 A/m2. When 
current used is significantly high, electrical energy will be wasted in the process of heating 
the water. Also, it is noted that high current density tend to decrease the efficiency of the 
process. To determine the right current density some factors should be considered including 
temperature, pH and flow rate to maintain elevated efficiency of the current. Iron current 
efficiency could reach 100% while that of aluminum could reach between 120 % to 140%. 
The high efficiency of aluminum is attributed to pitting factor of corrosion which effects 
the aluminum and this pitting corrosion increase with the presence of chlorine ions. Factors 
affecting current efficiency include type of anions and the current density [101].
Treated water quality proportionally depends on the different ions generated in
milligram and the current density, which is the product of time and current (A.h). [102].
Current density can be recorded experimentally if no data was reported. When the current
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density reaches the optimum value any increase of current density beyond that point is
irrelevant and does not improve the treatment [103].
2.4.2 pH EFFECT
The effect of pH on water and waste water electrocoagulation process is noted by 
the solubility of metal hydroxides also by the effect of the current efficiency as well. It was 
noted that power consumed in the experiments tend to increase at neutral pH due to
conductivity variation. But it is true also that when conductivity increases the effect of pH
decreases.
The release of chlorine ions might be affected in the presence of chloride ions. 
Acidic or alkaline conditions tend to make the aluminum current efficiencies higher rather 
at neutral conditions.
Acidic influent tends to increase the pH of the effluent after treatment using
electrocoagulation technology while alkaline influent tends to decrease the pH of the
effluent treated waters. Notably, this process represents an advantage because at acidic
conditions pH increase is due to the release of hydrogen evolution at the cathode as
mentioned. At acidic conditions the increase of pH was due to hydrogen evolution at the 
cathode, furthermore forming of Al(OH)3 at the anodes releases H+ forcing pH to decrease. 
Additionally, pH will be decreased due to Oxygen evolution reactions.
The chlorine ion reactions are as follows:
2Cl- + 2e- → Cl2. (24)
Cl2 + H2O → HOCl + Cl- + H+ (25)
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HOCl → OCl- + H+ (26)
H+ release is mainly due to the hydrogen evolution which influences pH to increase. The 
increase of pH at the acidic influent conditions is contributed mainly to the release of CO2 
from the hydrogen bubbles formed with other anions reaction with Al3+ and also due to the 
release of H+ which equilibrate the reaction and shift it toward the left side. The decrease 
of pH at alkaline conditions could be contributed to the formation of hydroxide ions and 
other cations as shown below [104].
Al (OH)3 + OH- → Al(OH)4- (27)
Optimal point of pollutants removal was reached at neutral pH with aluminum as the 
electrode. While at alkaline influent conditions iron electrode were determined to be of 
better treatment removal of color and COD in textile printing and dying waste water [105]
Tables 2-28 in appendix A represent the pH versus time effect on the samples in page 142­
168.
2.4.3 TEMPERATURE
Temperature effect on electrocoagulation has not yet been thoroughly studied even 
though the technology has been around for some time. For water treatment, the literature 
shows that water treatment efficiency increase with increase in temperature till it reaches 
an optimum treatment at 600 C. Any further increase in temperature beyond this point will 
result in a reduction in efficiency caused by the elimination of the aluminum oxide films 
at the electrodes surfaces. At high temperature the openings (pores) of the Al(OH)3 gel will 
shrink leading to more compact flocs being deposited at the electrodes surface. High
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conductivity leads to less energy consumption, it was noted that optimum power 
consumption was reached at temperature around 35oC [107].
In our experiments temperature initially was carried out at room temperature around 
240-250C and noticeable increase in temperature was recorded as time goes on. Tables 29­
37 pages 169-177 show clearly the temperature increases as time interval of the 
experiments increased. Initial time zero temperature at room temperature was 24.8 °C, as 
time of the experiments increases to 5, 10, 20 and 30 minutes temperature increases and 
the maximum temperature recorded was 63 °C at 30 minutes by a current density of 90 
A/m2 using 1.5 Ampere. Tables 29-37 in page 169-177 represent the effect of temperature 
versus time on the samples.
2.4.4 NaCl
NaCl or table salt is a good conductor and is used to increase the conductivity in 
electrocoagulation technology to treat the water and waste water. Furthermore besides 
increasing the conductivity of the solution, table salt ions are found to be a reducing 
factor of the adverse effect of multiple anions like HCO3-and SO42- .
Current efficiency could be reduced when insulating layer of deposited carbonate 
or sulfate ions precipitate Ca2+ or Mg2+ ions at the surface of the electrodes .Thus it is of 
great advantage that 20% Cl- be added to the mixture of anions to ensure smooth 
operation and to increase the conductivity of the solutions leading to reduction of the 
amount of energy being consumed (high conductivity less energy consumed) and finally 
chlorine acts as a disinfectant [108]. Sodium chloride is the source of electrolyte. Sodium
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chloride concentration was measured at different strengths to reach the required current
amperes.
In water, sodium chloride dissociate as sodium ions and chlorine ions. Sodium 
chloride solution implemented in this study ranged from 2000 mg/l to 6000 mg/l. 
Sodium chloride in this experiments have totally dissociated, electrochemical reactions 
occurs after turning on the energy supply. From the water standpoint of view, the
reaction that starts is commonly known as, “hydrolysis.” Therefore, hydrolysis is
triggered in this particular case by the electrolysis which is an electric current reaction. 
Water molecule dissociates to oxygen and hydrogen, the reaction is shown as follows:
2e- + 2H2O → H2 (g) + 2OH- (15)
2H2O → O2 (g) + 4H- + 4e- (16)
At the anodes (+) water will be oxidized while at the cathodes (-) water will be reduced. 
Equation (17) shows the dissolution of sodium chloride. After the current supply is 
placed in ON status, each electrode takes a positive (anode) and negative (cathode) 
charge, respectively. Free sodium cations (positive) will migrate to the cathode (+), and 
chloride anions (negative) will migrate to the cathode (-). This ionic migration through 
the electrolyte constitutes the electric current in that particular part of the circuit. Redox 
reactions occur during the process, equations (18) and (19) show the reactions between 
the dissolved ions, water and the electrode. While at the cathodes water molecules and 
sodium will be reduced. In conclusion for their reduction oxidizing and reduction 
reactions occur at both the cathode and anode it is determined that hydrogen gas will be 
produced at the cathode due to the reduction generated by hydrolysis.
NaCl → Na+ + Cl- (17)
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Na+ + e- Na (18)
2H2O + 2e- → H2 + 2OH- (19)
Water molecules and chloride ions will be oxidized at the anodes. This is shown in
equations (19) and (20) respectively. Those reactions are so similar that we might see Cl2 
gas and O2 gas generated at the electrodes.
2 Cl- → Cl2  +  2e- (21)
2H2O → O2  +  4H+  + 4e- (22)
Examining reaction (17) and (18) it would appear easier to oxidize water, however the 
reaction will not reach the standard state condition as shown in former reactions. Sodium 
chloride electrolytic solution has a tendency of decreasing the possibilities of oxidizing Cl- 
ion. The majority of the experiment was conducted in a pH ranging from 8.5 to 11 which 
are capable of decreasing the oxidizing effect of water.
2.4.5 POWER SUPPLY
Equilibrium potential difference between anodes over equilibrium potential 
difference of cathode must be eliminated when energy travels in the reactor [109]. Current 
in this study is being generated from direct current supply purchased from the internet. And 
the gadget of the ampere and voltage was also purchased through the internet, and was built 
with the help of Mr. Jim Barker of Washkewicz College of Engineering at Cleveland State 
University. Anodes equilibrium over potential includes concentrated, passive and activated 
over potential. At the surface of the anode, the passive over potential is found while at the 
cathodes, the activated and concentrated over potential is found.
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(23)
Old passivized electrode,
(24)
K1 and K2 are constants, E represents the transport number of OH- and Al+3 E becomes 
constant at large K. The above equations reveal the independency of U0 from pH with no
change in value with fluctuation of flow rate. E= -0.76 and K1= 0.20, for new aluminum
electrodes. E=-0.43, K1=0.20, K2=0.016 and m=0.47, n=0.75, for passive aluminum
electrodes.
Once U0 is determined, the calculation of voltage of U through electrolysis can be
calculated. Mono-polar mode, electrolysis voltage needed will be equal to the voltage at
the electrode, as shown in equation 25.
U=U0 (25)
The bipolar mode; the voltage needed for the electrolysis is U0 multiply cell number
(number of electrodes) minus 1. As shown in equation (26)
U= (N-1) U0 (26)
N is less than 8 to hold elevated current efficiency for the electrodes plates. The current 
supply direction is changed at certain intervals in order to eliminate or reduce the oxidizing 
or passive effect of electrode surface. Which in this study was changed every three runs 
[110].
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2.5 ELECTRODE MATERIALS
Electrocoagulation technology electrodes are mainly aluminum or iron. Plates of 
aluminum and iron could be used from the scraps made of Al and Fe as millings and 
cuttings. Many rinsing of the surface of the electrodes need to be carried out to ensure that 
no sludge is formed. Aluminum usually has high efficiency rate of removal than iron but 
aluminum is more costly than iron. Experimentally, it was determined that aluminum has 
higher efficiency than iron. Therefore it was used to treat waste water [111]. In our
experiments we have chosen Aluminum electrodes to conduct the test, based on literature
review it was determined that aluminum is more effective than iron in removal treatment
in electrocoagulation flotation technology.
2.6 TYPICAL DESIGN
The electrode plates in electrocoagulation cell can be placed both horizontally and 
vertically, this will depend on the experiment itself, the reactor cell and the orientation of 
the cell. Figure 1 shows a simple design where the Aluminum plates are placed vertically 
in the reactor cell. Water could flow between the plates in single channel or it can flow in 
mutable channels. Figure 1 and Figure 2 demonstrates the entire reactor and it is obvious 
the simple design of the reactor and the arrangement position of the Aluminum electrode 
in a vertical position inside the reactor. After electrocoagulation process is over another 
process should follow to remove the sludge or floats that are formed at the surface and this 
sludge can be removed by flotation unit or by sedimentation unit.
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2.6.1. ELECTRODE CORROSION
During the entire research it was observed that the positive electrode (anode) was 
severely corroded and damaged where it loses its efficiency so it will have to be changed 
on regular basis, in our experiments the electrodes were changed every three experiments. 
After careful observation, literature research, and analysis, it was concluded that the 
corrosion phenomena associated with the anode occurred due to two main reasons pit 
corrosion, and oxidation reaction. Systematic electrode replacement were implemented
every three runs, also it is necessary to mention that washing the electrode periodically will
lengthen the life of the electrode.
2.7 APPLICATION OF TREATMENT
Electrocoagulation and electro flotation technologies are highly efficient in treating 
suspended solids, oil and greases with high removal rate. This technology is considered 
highly effective in treatment of drinking water for small to medium sized communities. 
Furthermore, it can treat marine operations and it can be cost effective for industrial 
operations characterized by large scale treatment facilities in comparison to other operation 
that are not economically feasible. It can treat turbid water and can be very effective in 
removing dye and color from water supplies. It can remove microorganisms and algae 
effectively. Electrocoagulation can also remove humus, dissolved oxygen, irons and 
silicate found in water [102]. Most importantly electrocoagulation is highly effective in 
treating waste water [112]. Electrocoagulation can treat water from textile [113-115], also 
it treats water from catering [116], it has the ability to treat oil shale, petroleum and tar 
waste water [117], it can treat carpet waste water [118], also municipal sewage waste water
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[119], it can also treat chemical waste water [120] and electrocoagulation technology can
treat oil water emulsion [121,122].
Electrocoagulation is an electrolytic process that has been already used for the 
treatment of various liquid wastes. For this to be achieved, a convenient current is imposed 
on soluble anodes like aluminum, iron or their alloys in an electrochemical cell acting as 
the reactor for the experiment. This results in the dissolution of the electrode to yield metal 
ions (Fe+2, Fe+3, or Al+3) which are active coagulants precursors involved in the 
neutralization of the negative charges on the colloids of the effluent. These metal ions then
react with the hydroxyl ions generated at the cathode to give metal hydroxides which favor
the formation of flocs; these flocs are easily separated by decantation or filtration,
depending upon their density [123-125]. These technologies have been proven effective in
removing contaminants in milk waste water efficiently. This process can be an alternative
process for treating dairy waste effluents [126-128], or reduce residue for waste
production [129]. This technology has been very successfully employed in removing
oil/grease and suspended solids from a variety of industrial effluents (e.g. oil refinery
waste) [130] and is a combined coagulation and flotation process induced by the passage
of electric current.
In recent years, EC has been successfully tested to treat various industrial waste 
water such as decolorization of dye solutions and textile waste waters [131-135], treatment 
of electroplating and polishing waste waters [136,137], removal of arsenic and fluoride 
ions from industrial waste water [138-140], electrochemical degradation of organics [141­
144], treatment of chromium (VI) from waste water [145-147], removal of colloidal 
particles [148,149], removal of phenolic compounds [150], clarification of potable water
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[151], removal of phosphate [152], removal of boron [153] and petrochemical waste water
treatment [154], electroplating waste water [155], metal finishing effluents [156] and
poultry slaughterhouse waste water [157]. However, for the purpose of this study
electrocoagulation is used for the treatment of milk waste water.
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CHAPTER III
MATERIALS AND METHODS
3.1 SYNTHETIC MILK WASTE WATER
Milk waste water used for the experiments was purchased from Walmart as 
powder milk. The powered milk was refrigerated and sealed so that it does not get
contaminated with bacteria, desired quantities were taken to carry out the experiments, at
three different strengths in which 0.15 gram was measured using a sensitive scale and 
dissolved in a 1 Liter beaker filled with distilled water to produce a 150 mg/l low strength 
synthetic milk waste water. 0.575 gram were weighed and dissolved in 1 liter distilled 
water to reach a concentration of medium strength synthetic milk waste water 575 mg/l. 1 
gram was dissolved in a 1 liter beaker using distilled water to reach high strength 
synthetic milk water of a concentration of 1000 mg/l.
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3.2 CHEMICALS
3.2.1 CHEMICAL COAGULANTS
Based on literature review and experimental design testing using different 
coagulants, three types of coagulants were used in this experiment of three different 
strengths
1. Aluminum sulfate Al2(SO4)3 aluminum sulfate is widely used as an effective coagulant in 
treatment of variety of pollutant and industrial waste water. Three strengths were used 50 
mg/l, 100 mg/l and 150 mg/l.
2. Ferric chloride FeCl3 - Three strengths where used 50 mg/l, 100 mg/l and 150 mg/l.
3. Ferric sulfate Fe(SO4)3 - Three strengths where used 50 mg/l, 100 mg/l and 150 mg/l.
3.3 MATERIALS AND METHODS
3.3.1 CELL REACTOR
Rectangular plastic reactor was a suitable fit for the experiments. As for the power 
supply, a digital direct current power supply was purchased to generate the ampere and 
voltage needed to carry out the experiments, also for the electrodes to be used as in-situ 
coagulants and act as the electrodes, aluminum sheets were purchased and were cut into 
rectangular pieces by the help of Cleveland State Engineering staff , where wires where 
saturated into the electrodes to be used as conductor then the wires were connected from 
both ends to the digital direct current power supply. All the mentioned equipment was built 
and tested by personnel and employees from the Washkewicz College of Engineering at 
Cleveland State University as shown in Figure 1.
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Figure 1 Reactor cell.
3.3.2 ELECTRODES
The development of the appropriate electrode shape used in the ECF reactor 
depended on the shape of the reactor cell itself. A vertical configuration was placed in the 
reactor with dimensions of 2.5 by 4 inches rectangular metallic frame. The negative 
electrode (cathode) was placed on the opposite side of the positive (anode). The anode 
and cathode was spot welded to the wires and to the aluminum frame as shown in figure
2.
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Figure 2 Aluminum electrode.
3.3.3 DIGITAL DIRECT POWER SUPPLY
Two digital power supplies where purchased from the internet which were 
capable of reaching 30 voltage and 15 ampere as shown in Figure 3.
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Figure 3 Digital direct current power supply.
3.4 LAB ANALYSIS METHODS
3.4.1 TOC (TOTAL ORGANIC CARBON)
3.4.1.1 MATERIALS
1. Shimadzu TOC 5050 Analyzer
2. Synthetic Milk Waste water Samples of three different concentrations low strength 150 
mg/l, medium strength 575 mg/l and high strength 1000 mg/l.
Figure 4 shows Shimadzu TOC 5050 Analyzer
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Figure 4 TOC analyzer.
3.4.2 PROCEDURES
3.4.2.1 MACHINE OPERATION
1. Open the valve of the compressed air
2. Turn on machine and printer.
3. Push “F5” on machine to initialize. Wait until the screen has finished finding the
Home position.
4. Using key pad, hit “F1” to access “Main Menu.”
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5. Scroll down on keypad to #3 “General Conditions” and hit “Enter.”
6. Scroll down to “Furnace (On/Off)” to make sure that #1 “TOC” is selected.
7. Push “F2” to return to “Main Menu.”
8. Select Option 6 “Monitor” the temperature until it reaches 650 °C.
9. After temperature reaches 650° C, return to “Main Menu.” Select Option 9 “Auto
Sample” and press “Enter.”
10. Load samples into TOC analyzer.
11. Ensure that the FS (final sample) is equivalent to the number of samples in the
Analyzer.
12. Hit “F1” to go to the next screen.
13. Repeat Step 12.
14. Hit “Start” on Machine.
3.4.2.2 TURNING OFF MACHINE
1. Return to “Main Menu and select option 3 “General Conditions” and hit “Enter.”
2. Scroll down to “Furnace (On/Off)” to make sure that # 2 “Off is selected.
3. Push “F2” to “Main Menu.”
4. Select Option 6 “Monitor” to see the temperature. Do not turn off machine until
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Temperature reaches 350 °C.
5. Close the valve of the compressed air.
6. Return back to “Main Menu.”
7. Turn off machine and printer.
3.5 TURBIDITY
Turbidity is the cloudiness or haziness of a fluid caused by individual particles
(suspended solids) that are generally invisible to the naked eye, similar to smoke in the
air. The measurement of turbidity is a key test of water quality. For the purpose of
determining the differences in turbidity before and after treatment by electrocoagulation,
one will use the following methods:
3.5.1 MATERIALS
Waste water samples
HACH turbidity meter
Standardization rods
Magnetic stirrer
3.5.1.1 MACHINE OPERATION PROCEDURES
1. Sample in a container is stirred by means of a magnetic stirrer.
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2. While stirring sample in a container, turn turbidity meter for the purpose of allowing it
to warm up.
3. Calibrate machine using standardization rods of 100 and 1000 NTU.
4. Rinse the sample tube three times with waste water samples.
5. 25 mL of stirred sample is placed in the cylinder and into the sample cell.
6. Allowing samples to settle, insert cell into turbidity meter.
7. Read the measurement on the turbidity meter and record.
8. Repeat for all samples for each run.
Figure 5 shows HACH turbidimeter used in the experiments.
Figure 5 HACH turbidimeter.
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3.6 TRANSMITTANCE
3.6.1 MATERIALS
Milton Roy Spectronic 20D Spectrophotometer
Spectrophotometer sample vials
Waste water samples
Tap water
3.6.2 PROCEDURES
1. After turning the machine on and waiting at least 20 minutes, set the wavelength to 540 
nm using the wavelength selector.
2. Calibrate the spectrometer by filling a sample vial with tap water.
3. Place the tap water sample into the machine, using the % transmittance knob, turn the 
knob until the spectrometer reads “100% transmittance.” Remove the tap water sample.
4. Pour some of the waste water sample into another vial. Place the waste water sample 
into the machine and allow it run to determine the transmittance.
5. Record and repeat procedure for all samples tested. Figure 6 shows Spectronic 21D
which is used to determine transmittance.
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Figure 6 Spectronic 21D
3.7. pH
The determination of pH will be done using a pH meter with a glass electrode.
The following materials will be used for the pH meter lab analysis methods:
3.7.1 MATERIALS
pH meter
Buffers (pH 7.00 and 10.00)
Deionized water
Waste water samples
Magnetic stirrer
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3.7.2. PROCEDURES
1. Calibrate the pH meter by using the two pH buffers (7.00 and 10.00).
2. Rinse the electrodes using deionized water.
3. Pour the waste water sample into a small container. Using a magnet and a stirrer, stir
the sample at medium speed.
4. Following stabilization, place the pH meter and record the pH reading.
5. Place the pH meter into the 7.0 buffer.
6. Repeat procedure for all samples tested. Figure 7 shows pH meter used in the
experiments.
Figure 7 pH meter.
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3.8 TEMPERATURE
3.8.1 MATERIALS
1. Deionized water
2. Waste water
3. Scientific thermometer samples
3.8.1.2. PROCEDURES
1. Rinse the electrodes using deionized water.
2. Pour the waste water sample into a small container.
3. Following stabilization, record temperature using scientific thermometer meter.
4. Repeat procedure for all samples tested.
3.9. RUN PROTOCOL
The run protocol of this study was initially developed to measure certain
parameters at different levels and time intervals. Total organic carbon (TOC) was
measured in all samples at five different time intervals including: 0, 5, 10, 20 and 30
minutes. Turbidity, pH, temperature and transmittance were also measured at five
different intervals starting at time zero then at 5, 10, 20 and 30 minutes. Table 1
summarizes the run protocols of the experiments.
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Table 1 Run protocols of all the experiments
Milk
strength
(mg/l)
Types of
coagulant
(mg/l)
Dosage
(mg/l)
Current
density
(ampere)
Time
(min)
Temp
(C0) pH
Turbidity
(NTU)
Transmi
ttance
(%)
TOC
(ppm)
150 none 0 0.5 0
150 none 0 0.5 5
150 none 0 0.5 10
150 none 0 0.5 20
150 none 0 0.5 30
150 Al2(S04)3 50 0.5 0
150 Al2(S04)3 50 0.5 5
150 Al2(S04)3 50 0.5 10
150 Al2(S04)3 50 0.5 20
150 Al2(S04)3 50 0.5 30
150 FeCl3 50 0.5 0
150 FeCl3 50 0.5 5
150 FeCl3 50 0.5 10
150 FeCl3 50 0.5 20
150 FeCl3 50 0.5 30
150 Fe(SO4)3 50 0.5 0
150 Fe(SO4)3 50 0.5 5
150 Fe(SO4)3 50 0.5 10
150 Fe(SO4)3 50 0.5 20
150 Fe(SO4)3 50 0.5 30
150 none 0 1 0
150 none 0 1 5
150 none 0 1 10
150 none 0 1 20
150 none 0 1 30
150 Al2(S04)3 50 1 0
150 Al2(S04)3 50 1 5
150 Al2(S04)3 50 1 10
150 Al2(S04)3 50 1 20
150 Al2(S04)3 50 1 30
150 FeCl3 50 1 0
150 FeCl3 50 1 5
150 FeCl3 50 1 10
150 FeCl3 50 1 20
150 FeCl3 50 1 30
150 Fe(SO4)3 50 1 0
150 Fe(SO4)3 50 1 5
150 Fe(SO4)3 50 1 10
150 Fe(SO4)3 50 1 20
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150 Fe(SO4)3 50 1 30
150 none 0 1.5 0
150 none 0 1.5 5
150 none 0 1.5 10
150 none 0 1.5 20
150 none 0 1.5 30
150 Al2(S04)3 50 1.5 0
150 Al2(S043 50 1.5 5
150 Al2(s043 50 1.5 10
150 Al2(S043 50 1.5 20
150 Al2(S043 50 1.5 30
150 FeCl3 50 1.5 0
150 FeCl3 50 1.5 5
150 FeCl3 50 1.5 10
150 FeCl3 50 1.5 20
150 FeCl3 50 1.5 30
150 Fe(SO4)3 50 1.5 0
150 Fe(SO4)3 50 1.5 5
150 Fe(SO4)3 50 1.5 10
150 Fe(SO4)3 50 1.5 20
150 Fe(SO4)3 50 1.5 30
150 none 0 0.5 0
150 none 0 0.5 5
150 none 0 0.5 10
150 none 0 0.5 20
150 none 0 0.5 30
150 Al2(S04)3 100 0.5 0
150 Al2(S04)3 100 0.5 5
150 Al2(S04)3 100 0.5 10
150 Al2(S04)3 100 0.5 20
150 Al2(S04)3 100 0.5 30
150 FeCl3 100 0.5 0
150 FeCl3 100 0.5 5
150 FeCl3 100 0.5 10
150 FeCl3 100 0.5 20
150 FeCl3 100 0.5 30
150 Fe(SO4)3 100 0.5 0
150 Fe(SO4)3 100 0.5 5
150 Fe(SO4)3 100 0.5 10
150 Fe(SO4)3 100 0.5 20
150 Fe(SO4)3 100 0.5 30
150 none 0 1 0
150 none 0 1 5
150 none 0 1 10
150 none 0 1 20
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150 none 0 1 30
150 Al2(S04)3 100 1 0
150 Al2(S04)3 100 1 5
150 Al2(S04)3 100 1 10
150 Al2(S04)3 100 1 20
150 Al2(S04)3 100 1 30
150 FeCl3 100 1 0
150 FeCl3 100 1 5
150 FeCl3 100 1 10
150 FeCl3 100 1 20
150 FeCl3 100 1 30
150 Fe(SO4)3 100 1 0
150 Fe(SO4)3 100 1 5
150 Fe(SO4)3 100 1 10
150 Fe(SO4)3 100 1 20
150 Fe(SO4)3 100 1 30
150 none 0 1.5 0
150 none 0 1.5 5
150 none 0 1.5 10
150 none 0 1.5 20
150 none 0 1.5 30
150 Al2(S04)3 100 1.5 0
150 Al2(S04)3 100 1.5 5
150 Al2(S04)3 100 1.5 10
150 Al2(S04)3 100 1.5 20
150 Al2(S04)3 100 1.5 30
150 FeCl3 100 1.5 0
150 FeCl3 100 1.5 5
150 FeCl3 100 1.5 10
150 FeCl3 100 1.5 20
150 FeCl3 100 1.5 30
150 Fe(SO4)3 100 1.5 0
150 Fe(SO4)3 100 1.5 5
150 Fe(SO4)3 100 1.5 10
150 Fe(SO4)3 100 1.5 20
150 Fe(SO4)3 100 1.5 30
150 none 0 0.5 0
150 none 0 0.5 5
150 none 0 0.5 10
150 none 0 0.5 20
150 none 0 0.5 30
150 Al2(S04)3 150 0.5 0
150 Al2(S04)3 150 0.5 5
150 Al2(S04)3 150 0.5 10
150 Al2(S04)3 150 0.5 20
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150 Al2(S04)3 150 0.5 30
150 FeCl3 150 0.5 0
150 FeCl3 150 0.5 5
150 FeCl3 150 0.5 10
150 FeCl3 150 0.5 20
150 FeCl3 150 0.5 30
150 Fe(SO4)3 150 0.5 0
150 Fe(SO4)3 150 0.5 5
150 Fe(SO4)3 150 0.5 10
150 Fe(SO4)3 150 0.5 20
150 Fe(SO4)3 150 0.5 30
150 none 0 1 0
150 none 0 1 5
150 none o 1 10
150 none 0 1 20
150 none 0 1 30
150 Al2(S04)3 150 1 0
150 Al2(S04)3 150 1 5
150 Al2(S04)3 150 1 10
150 Al2(S04)3 150 1 20
150 Al2(S04)3 150 1 30
150 FeCl3 150 1 0
150 FeCl3 150 1 5
150 FeCl3 150 1 10
150 FeCl3 150 1 20
150 FeCl3 150 1 30
150 Fe(SO4)3 150 1 0
150 Fe(SO4)3 150 1 5
150 Fe(SO4)3 150 1 10
150 Fe(SO4)3 150 1 20
150 Fe(SO4)3 150 1 30
150 none 0 1.5 0
150 none 0 1.5 5
150 none 0 1.5 10
150 none 0 1.5 20
150 none 0 1.5 30
150 Al2(S04)3 150 1.5 0
150 Al2(S04)3 150 1.5 5
150 Al2(S04)3 150 1.5 10
150 Al2(S04)3 150 1.5 20
150 Al2(S04)3 150 1.5 30
150 FeCl3 150 1.5 0
150 FeCl3 150 1.5 5
150 FeCl3 150 1.5 10
150 FeCl3 150 1.5 20
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150 FeCl3 150 1.5 30
150 Fe(SO4)3 150 1.5 0
150 Fe(SO4)3 150 1.5 5
150 Fe(SO4)3 150 1.5 10
150 Fe(SO4)3 150 1.5 20
150 Fe(SO4)3 150 1.5 30
575 none 0 0.5 0
575 none 0 0.5 5
575 none 0 0.5 10
575 none 0 0.5 20
575 none 0 0.5 30
575 Al2(S04)3 0 0.5 0
575 Al2(S04)3 50 0.5 5
575 Al2(S04)3 50 0.5 10
575 Al2(S04)3 50 0.5 20
575 Al2(S04)3 50 0.5 30
575 FeCl3 50 0.5 0
575 FeCl3 50 0.5 5
575 FeCl3 50 0.5 10
575 FeCl3 50 0.5 20
575 FeCl3 50 0.5 30
575 Fe(SO4)3 50 0.5 0
575 Fe(SO4)3 50 0.5 5
575 Fe(SO4)3 50 0.5 10
575 Fe(SO4)3 50 0.5 20
575 Fe(SO4)3 50 0.5 30
575 none 0 1 0
575 none 0 1 5
575 none 0 1 10
575 none 0 1 20
575 none 0 1 30
575 Al2(S04)3 50 1 0
575 Al2(S04)3 50 1 5
575 Al2(S04)3 50 1 10
575 Al2(S04)3 50 1 20
575 Al2(S04)3 50 1 30
575 FeCl3 50 1 0
575 FeCl3 50 1 5
575 FeCl3 50 1 10
575 FeCl3 50 1 20
575 FeCl3 50 1 30
575 Fe(SO4)3 50 1 0
575 Fe(SO4)3 50 1 5
575 Fe(SO4)3 50 1 10
575 Fe(SO4)3 50 1 20
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575 Fe(SO4)3 50 1 30
575 none 0 1.5 0
575 none 0 1.5 5
575 none 0 1.5 10
575 none 0 1.5 20
575 none 0 1.5 30
575 Al2(S04)3 50 1.5 0
575 Al2(S04)3 50 1.5 5
575 Al2(S04)3 50 1.5 10
575 Al2(S04)3 50 1.5 20
575 Al2(S04)3 50 1.5 30
575 FeCl3 50 1.5 0
575 FeCl3 50 1.5 5
575 FeCl3 50 1.5 10
575 FeCl3 50 1.5 20
575 FeCl3 50 1.5 30
575 Fe(SO4)3 50 1.5 0
575 Fe(SO4)3 50 1.5 5
575 Fe(SO4)3 50 1.5 10
575 Fe(SO4)3 50 1.5 20
575 Fe(SO4)3 50 1.5 30
575 none 0 0.5 0
575 none 0 0.5 5
575 none 0 0.5 10
575 none 0 0.5 20
575 none 0 0.5 30
575 Al2(S04)3 0 0.5 0
575 Al2(S04)3 100 0.5 5
575 Al2(S04)3 100 0.5 10
575 Al2(S04)3 100 0.5 20
575 Al2(S04)3 100 0.5 30
575 FeCl3 100 0.5 0
575 FeCl3 100 0.5 5
575 FeCl3 100 0.5 10
575 FeCl3 100 0.5 20
575 FeCl3 100 0.5 30
575 Fe(SO4)3 100 0.5 0
575 Fe(SO4)3 100 0.5 5
575 Fe(SO4)3 100 0.5 10
575 Fe(SO4)3 100 0.5 20
575 Fe(SO4)3 100 0.5 30
575 none 0 1 0
575 none 0 1 5
575 none 0 1 10
575 none 0 1 20
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575 none 0 1 30
575 Al2(S04)3 100 1 0
575 Al2(S04)3 100 1 5
575 Al2(S04)3 100 1 10
575 Al2(S04)3 100 1 20
575 Al2(S04)3 100 1 30
575 FeCl3 100 1 0
575 FeCl3 100 1 5
575 FeCl3 100 1 10
575 FeCl3 100 1 20
575 FeCl3 100 1 30
575 Fe(SO4)3 100 1 0
575 Fe(SO4)3 100 1 5
575 Fe(SO4)3 100 1 10
575 Fe(SO4)3 100 1 20
575 Fe(SO4)3 100 1 30
575 none 0 1.5 0
575 none 0 1.5 5
575 none 0 1.5 10
575 none 0 1.5 20
575 none 0 1.5 30
575 Al2(S04)3 100 1.5 0
575 Al2(S04)3 100 1.5 5
575 Al2(S04)3 100 1.5 10
575 Al2(S04)3 100 1.5 20
575 Al2(S04)3 100 1.5 30
575 FeCl3 100 1.5 0
575 FeCl3 100 1.5 5
575 FeCl3 100 1.5 10
575 FeCl3 100 1.5 20
575 FeCl3 100 1.5 30
575 Fe(SO4)3 100 1.5 0
575 Fe(SO4)3 100 1.5 5
575 Fe(SO4)3 100 1.5 10
575 Fe(SO4)3 100 1.5 20
575 Fe(SO4)3 100 1.5 30
575 none 0 0.5 0
575 none 0 0.5 5
575 none 0 0.5 10
575 none 0 0.5 20
575 none 0 0.5 30
575 Al2(S04)3 150 0.5 0
575 Al2(S04)3 150 0.5 5
575 Al2(S04)3 150 0.5 10
575 Al2(S04)3 150 0.5 20
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575 Al2(S04)3 150 0.5 30
575 FeCl3 150 0.5 0
575 FeCl3 150 0.5 5
575 FeCl3 150 0.5 10
575 FeCl3 150 0.5 20
575 FeCl3 150 0.5 30
575 Fe(SO4)3 150 0.5 0
575 Fe(SO4)3 150 0.5 5
575 Fe(SO4)3 150 0.5 10
575 Fe(SO4)3 150 0.5 20
575 Fe(SO4)3 150 0.5 30
575 none 0 1 0
575 none 0 1 5
575 none 0 1 10
575 none 0 1 20
575 none 0 1 30
575 Al2(S04)3 150 1 0
575 Al2(S04)3 150 1 5
575 Al2(S04)3 150 1 10
575 Al2(S04)3 150 1 20
575 Al2(S04)3 150 1 30
575 FeCl3 150 1 0
575 FeCl3 150 1 5
575 FeCl3 150 1 10
575 FeCl3 150 1 20
575 FeCl3 150 1 30
575 Fe(SO4)3 150 1 0
575 Fe(SO4)3 150 1 5
575 Fe(SO4)3 150 1 10
575 Fe(SO4)3 150 1 20
575 Fe(SO4)3 150 1 30
575 none 0 1.5 0
575 none 0 1.5 5
575 none 0 1.5 10
575 none 0 1.5 20
575 none 0 1.5 30
575 Al2(S04)3 150 1.5 0
575 Al2(S04)3 150 1.5 5
575 Al2(S04)3 150 1.5 10
575 Al2(S04)3 150 1.5 20
575 Al2(S04)3 150 1.5 30
575 FeCl3 150 1.5 0
575 FeCl3 150 1.5 5
575 FeCl3 150 1.5 10
575 FeCl3 150 1.5 20
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575 FeCl3 150 1.5 30
575 Fe(SO4)3 150 1.5 0
575 Fe(SO4)3 150 1.5 5
575 Fe(SO4)3 150 1.5 10
575 Fe(SO4)3 150 1.5 20
575 Fe(SO4)3 150 1.5 30
1000 none 0 0.5 0
1000 none 0 0.5 5
1000 none 0 0.5 10
1000 none 0 0.5 20
1000 none 0 0.5 30
1000 Al2(S04)3 50 0.5 0
1000 Al2(S04)3 50 0.5 5
1000 Al2(S04)3 50 0.5 10
1000 Al2(S04)3 50 0.5 20
1000 Al2(S04)3 50 0.5 30
1000 FeCl3 50 0.5 0
1000 FeCl3 50 0.5 5
1000 FeCl3 50 0.5 10
1000 FeCl3 50 0.5 20
1000 FeCl3 50 0.5 30
1000 Fe(SO4)3 50 0.5 0
1000 Fe(SO4)3 50 0.5 5
1000 Fe(SO4)3 50 0.5 10
1000 Fe(SO4)3 50 0.5 20
1000 Fe(SO4)3 50 0.5 30
1000 none 0 1 0
1000 none 0 1 5
1000 none 0 1 10
1000 none 0 1 20
1000 none 0 1 30
1000 Al2(S04)3 50 1 0
1000 Al2(S04)3 50 1 5
1000 Al2(S04)3 50 1 10
1000 Al2(S04)3 50 1 20
1000 Al2(S04)3 50 1 30
1000 FeCl3 50 1 0
1000 FeCl3 50 1 5
1000 FeCl3 50 1 10
1000 FeCl3 50 1 20
1000 FeCl3 50 1 30
1000 Fe(SO4)3 50 1 0
1000 Fe(SO4)3 50 1 5
1000 Fe(SO4)3 50 1 10
1000 Fe(SO4)3 50 1 20
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1000 Fe(SO4)3 50 1 30
1000 none 0 1.5 0
1000 none 0 1.5 5
1000 none 0 1.5 10
1000 none 0 1.5 20
1000 none 0 1.5 30
1000 Al2(S04)3 50 1.5 0
1000 Al2(S04)3 50 1.5 5
1000 Al2(S04)3 50 1.5 10
1000 Al2(S04)3 50 1.5 20
1000 Al2(S04)3 50 1.5 30
1000 FeCl3 50 1.5 0
1000 FeCl3 50 1.5 5
1000 FeCl3 50 1.5 10
1000 FeCl3 50 1.5 20
1000 FeCl3 50 1.5 30
1000 Fe(SO4)3 50 1.5 0
1000 Fe(SO4)3 50 1.5 5
1000 Fe(SO4)3 50 1.5 10
1000 Fe(SO4)3 50 1.5 20
1000 Fe(SO4)3 50 1.5 30
1000 none 0 0.5 0
1000 none 0 0.5 5
1000 none 0 0.5 10
1000 none 0 0.5 20
1000 none 0 0.5 30
1000 Al2(S04)3 100 0.5 0
1000 Al2(S04)3 100 0.5 5
1000 Al2(S04)3 100 0.5 10
1000 Al2(S04)3 100 0.5 20
1000 Al2(S04)3 100 0.5 30
1000 FeCl3 100 0.5 0
1000 FeCl3 100 0.5 5
1000 FeCl3 100 0.5 10
1000 FeCl3 100 0.5 20
1000 FeCl3 100 0.5 30
1000 Fe(SO4)3 100 0.5 0
1000 Fe(SO4)3 100 0.5 5
1000 Fe(SO4)3 100 0.5 10
1000 Fe(SO4)3 100 0.5 20
1000 Fe(SO4)3 100 0.5 30
1000 none 0 1 0
1000 none 0 1 5
1000 none 0 1 10
1000 none 0 1 20
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1000 none 0 1 30
1000 Al2(S04)3 100 1 0
1000 Al2(S04)3 100 1 5
1000 Al2(S04)3 100 1 10
1000 Al2(S04)3 100 1 20
1000 Al2(S04)3 100 1 30
1000 FeCl3 100 1 0
1000 FeCl3 100 1 5
1000 FeCl3 100 1 10
1000 FeCl3 100 1 20
1000 FeCl3 100 1 30
1000 Fe(SO4)3 100 1 0
1000 Fe(SO4)3 100 1 5
1000 Fe(SO4)3 100 1 10
1000 Fe(SO4)3 100 1 20
1000 Fe(SO4)3 100 1 30
1000 none 0 1.5 0
1000 none 0 1.5 5
1000 none 0 1.5 10
1000 none 0 1.5 20
1000 none 0 1.5 30
1000 Al2(S04)3 100 1.5 0
1000 Al2(S04)3 100 1.5 5
1000 Al2(S04)3 100 1.5 10
1000 Al2(S04)3 100 1.5 20
1000 Al2(S04)3 100 1.5 30
1000 FeCl3 100 1.5 0
1000 FeCl3 100 1.5 5
1000 FeCl3 100 1.5 10
1000 FeCl3 100 1.5 20
1000 FeCl3 100 1.5 30
1000 Fe(SO4)3 100 1.5 0
1000 Fe(SO4)3 100 1.5 5
1000 Fe(SO4)3 100 1.5 10
1000 Fe(SO4)3 100 1.5 20
1000 Fe(SO4)3 100 1.5 30
1000 none 0 0.5 0
1000 none 0 0.5 5
1000 none 0 0.5 10
1000 none 0 0.5 20
1000 none 0 0.5 30
1000 Al2(S04)3 150 0.5 0
1000 Al2(S04)3 150 0.5 5
1000 Al2(S04)3 150 0.5 10
1000 Al2(S04)3 150 0.5 20
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1000 Al2(S04)3 150 0.5 30
1000 FeCl3 150 0.5 0
1000 FeCl3 150 0.5 5
1000 FeCl3 150 0.5 10
1000 FeCl3 150 0.5 20
1000 FeCl3 150 0.5 30
1000 Fe(SO4)3 150 0.5 0
1000 Fe(SO4)3 150 0.5 5
1000 Fe(SO4)3 150 0.5 10
1000 Fe(SO4)3 150 0.5 20
1000 Fe(SO4)3 150 0.5 30
1000 none 0 1 0
1000 none 0 1 5
1000 none 0 1 10
1000 none 0 1 20
1000 none 0 1 30
1000 Al2(S04)3 150 1 0
1000 Al2(S04)3 150 1 5
1000 Al2(S04)3 150 1 10
1000 Al2(S04)3 150 1 20
1000 Al2(S04)3 150 1 30
1000 FeCl3 150 1 0
1000 FeCl3 150 1 5
1000 FeCl3 150 1 10
1000 FeCl3 150 1 20
1000 FeCl3 150 1 30
1000 Fe(SO4)3 150 1 0
1000 Fe(SO4)3 150 1 5
1000 Fe(SO4)3 150 1 10
1000 Fe(SO4)3 150 1 20
1000 Fe(SO4)3 150 1 30
1000 none 0 1.5 0
1000 none 0 1.5 5
1000 none 0 1.5 10
1000 none 0 1.5 20
1000 none 0 1.5 30
1000 Al2(S04)3 150 1.5 0
1000 Al2(S04)3 150 1.5 5
1000 Al2(S04)3 150 1.5 10
1000 Al2(S04)3 150 1.5 20
1000 Al2(S04)3 150 1.5 30
1000 FeCl3 150 1.5 0
1000 FeCl3 150 1.5 5
1000 FeCl3 150 1.5 10
1000 FeCl3 150 1.5 20
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1000 FeCl3 150 1.5 30
1000 Fe(SO4)3 150 1.5 0
1000 Fe(SO4)3 150 1.5 5
1000 Fe(SO4)3 150 1.5 10
1000 Fe(SO4)3 150 1.5 20
1000 Fe(SO4)3 150 1.5 30
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CHAPTER IV
RESULTS AND DISCUSSION
4.1. INTRODUCTION
Total organic carbon (TOC) is the main focus of this study. The objective is to 
determine the effects of ECF efficiency in removal of the initial concentrations of organic 
loads (measured as TOC) and the effectiveness of certain coagulant in enhancing this 
process in the ECF batch reactor. The suitability of the ECF reactor to simultaneously
remove organic carbon was investigated, and the results were presented here. Removal 
efficiencies were determined for solutions with synthetic milk waste water concentrations
of 150, 575, and 1000 mg/l and detention times of 5, 10, 20, and 30 minutes.
4.2. BACKGROUND
The dairy industry is one of the main and largest processing foods in some 
countries. With the increasing knowledge and improved health standards worldwide, the 
requirements for treatments became more strict [158]. Milk waste water and generally
speaking the dairy industry generates huge amount of water characterized by high 
concentrations of biological oxygen demand (BOD) and also high content of chemical
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oxygen demand (COD). Fats, oils, suspended solids, nutrients like minerals and
phosphorus and ammonia need to be observed and treated before discharge to meet
improved environmental standards [159]. The composition of the effluent in dairy waste
water depend on numerous factors including , the type of product being processed, the
technology implemented for removal, the reactor design or the design of the treatment
facility, the amount of water used , the water management and also the operation
management.
Waste water arising from dairy industry generates huge amounts of organic loads 
and the main contributor to those loads is fats, proteins and carbohydrates which are all 
generated from milk processing [160]. Waste water generated from milk industry ranges 
between 0.2 to 10 liter waste/liter of treated milk [161]. The high content of organic 
matter found in diary industry are of serious matter and can cause wide range of 
environmental issues.
This study deals directly with Electrocoagulation and electro flotation methods to 
treat milk waste water. Electrocoagulation technology depends on the in situ formation of 
the coagulants as the source of the sacrificial anodes. The sacrificial anode used in this 
study is aluminum electrode. The technology works as follows: as the current is applied 
to the solution, the stimulating evolution of hydrogen gas at the cathodes helps the 
pollutants to be removed by flotation. This method depends on other factors including the 
chemistry of composition of this mixture, particle size of the contaminants, pH and the 
conductivity of the solution [162 and 163]. Electrocoagulation method is optimal in 
removing waste water pollutants [164].
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4.3. TOTAL ORGANIC CARBON (TOC) RESULTS AND DISCUSSION
Initially turbidity, transmittance, temperature, pH and concentration of total
organic carbon were measured before any ECF process occurs to determine the original
amounts and concentrations in our samples then compare them with results obtained after
he ECF is applied in order to to determine the amount of removal and efficiency of this
echnology.
Total of 108 runs were conducted in this study with the determination of 5
different parameters at five different time intervals to generate 2700 total samples in this 
study. Total organic carbon (TOC) removal vs time was measured in the first 4 runs, run 
1-4 as shown in Figure 8.
Figure 8 Run # 1-4. TOC removal vs. time: Milk waste water strength 150 mg/l, 0.5 
ampere and 50 mg/l coagulant dosage.
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Figure 8 indicates that the samples were measured at different time intervals, 
using 0.5 ampere and current density of 30 A/m2 after five minutes of the process one 
sample was measured in each run in the TOC analyzer machine and it shows that the
removal percentage in the samples from 5-30 minutes was increasing as time increased,
the removal percentage ranged from 7-91% with best removal percentage occurring at
time 30 minutes using Al2(SO4)3 as coagulant. Run # 1 no coagulant added: the range of
removal in respect to time intervals 5, 10, 20 and 30 were 6, 18, 42 and 59% respectively,
whereas in run 2 with the addition of 50 mg/l Al2 (SO4)3 as coagulant at time 5, 10, 20 
and 30 minutes the removal percentage were 23, 60, 81 and 91 respectively which was 
the best removal percentage in this set. For FeCl3 coagulant at time 5, 10, 20 and 30 
minutes the removal percentage were 23, 36, 62 and 80% respectively, whereas for 
Fe(SO4)3 coagulant the removal percentage for time interval 5, 10, 20 and 30 minutes
were 28, 50, 74 and 87 respectively.
Figure 9 shows run # 5-8. This figure indicates that the samples were recorded at 
different time intervals, using 0.5 ampere and current density of 60 A/m2. After five 
minutes of the process, one sample was measured in each run in the TOC analyzer 
machine and it showed that the removal percentage in the samples from 5-30 minutes 
was increasing as time increased, the removal percentage ranged from 7-92% with best
removal percentage occurring at time 30 minutes using Al2 (SO4)3 as coagulant. Run #1 
no coagulant added: the range of removal in respect to time intervals 5, 10, 20 and 30
were 6, 18, 42 and 59% respectively, whereas in run 2 with the addition of 50 mg/l 
Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 23, 
60, 81 and 91 respectively which was the best removal percentage in this set. For FeCl3
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coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 23, 36, 62 and 80
% respectively, whereas for Fe(SO4)3 coagulant the removal percentage for time interval
5, 10, 20 and 30 minutes were 28, 50, 74 and 87 respectively.
Figure 9 Run # 5-8 TOC removal vs. time: Milk waste water strength 150 mg/l, 1 ampere 
and 50 mg/l coagulant dosages.
Figure 10 shows the removal percentage of runs 9, 10, 11 and 12. Figure 4.3 
shows run # 9-12. This figure indicates that the samples were measured at different time 
intervals, and using 1.5 ampere and current density of 90 A/m2, after five minutes of the 
process one sample was measured in each run in the TOC analyzer machine and it shows 
that the removal percentage in the samples from 5-30 minutes was increasing as time 
increased, the removal percentage ranged from 8-92% with best removal percentage 
occurring at time 30 minutes using Al2 (SO4)3 as coagulant. Run # 1 no coagulant added
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the range of removal in respect to time intervals 5, 10, 20 and 30 were 8, 42, 56 and 61% 
respectively, whereas in run 2 with the addition of 50 mg/l Al2(SO4)3 as coagulant at time
5, 10, 20 and 30 minutes the removal percentage were 27, 65, 85 and 92 respectively
which was the best removal percentage in this set. For FeCl3 coagulant at time 5,10, 20
and 30 minutes the removal percentage were 27, 36, 64 and 83% respectively, whereas
for Fe(SO4)3 coagulant the removal percentage were at time interval 5,10, 20,and 30
minutes were 25, 56, 76 and 89 respectively.
Figure 10 Run # 9-12 TOC removal vs. time: Milk waste water strength 150 mg/l, 1.5 
ampere and 50 mg/l coagulant dosages.
Figure 11 shows runs 13-16. It indicates the removal percentage of TOC vs. time
at different time intervals. This figure indicates that the samples were measured at 
different time intervals, using 0.5 ampere and current density of 30 A/m2, after five
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minutes of the process one sample was measured in each run in the TOC analyzer
machine and it shows that the removal percentage in the samples from 5-30 minutes was
increasing as time increased, the removal percentage ranged from 12-98% with best
removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant. Run # 1
no coagulant added: the range of removal with respect to time intervals 5, 10, 20 and 30
were 12, 49, 58 and 65% respectively, whereas in run 2 with the addition of 100 mg/l
Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes, the removal percentage were
47, 75, 95 and 98 respectively which was the best removal percentage in this set. For
FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 26, 34, 66 
and 96% respectively, whereas for Fe(SO4)3 coagulant the removal percentage were at 
time interval 5, 10, 20 and 30 minutes were 35, 66, 88 and 96 respectively.
Figure 11 Run # 13-16. TOC removal vs. time: Milk waste water strength 150 mg/l,
0.5ampere and 100 mg/l coagulant dosage.
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Figure 12 shows run # 17-20. TOC removal vs. time: Milk waste water strength
150 mg/l, 1 ampere and 100 mg/l coagulant dosage. This figure indicates that the samples
were measured at different time intervals, and using 1 ampere and current density of 60 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 16-100%
with best removal rate occurring at time 30 minutes using Al2(SO4)3 as coagulant. Run #1 
no coagulant added: the range of removal with respect to time intervals 5, 10, 20 and 30 
were 16, 56, 68 and 75% respectively, whereas in run 2 with the addition of 100 mg/l Al2 
(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 40, 79, 
96 and 100% respectively which was the best removal percentage in this set. For FeCl3 
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 31, 79, 95 and 
100% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval 
5, 10, 20 and 30 minutes were 31, 79, 95 and 100 respectively.
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Figure 12 Run # 17-20. TOC removal vs. time: Milk waste water strength 150 mg/l, 1 
ampere and 100 mg/l coagulant dosage.
Figure 13 shows run # 21-24. (TOC) removal vs. time: Milk waste water strength
150 mg/l, 1.5 ampere and 100 mg/l coagulant dosage. This figure indicates that the samples
were measured at different time intervals, and using 1 ampere and current density of 90 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 19-100%
with best removal percentage occurring at time 30 minutes using Al2 (SO4)3 as coagulant.
Run # 1 no coagulant added: the range of removal with respect to time intervals 5, 10, 20
and 30 were 19, 42, 63 and 77% respectively, whereas in run 2 with the addition of 100
mg/l Al2 (SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were
51, 87, 100 and 100% respectively which was the best removal percentage in this set. For
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FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 40, 76, 91
and 100% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time
interval 5, 10, 20 and 30 minutes were 46, 82, 100 and 100% respectively.
Figure 13 Run # 21-24. TOC removal vs. time: Milk waste water strength 150 mg/l, 1.5
ampere and 100 mg/l coagulant dosage.
Figure 14 Shows Run # 25-28. TOC removal vs. time: Milk waste water strength
150 mg/l, 0.5 ampere and 150 mg/l coagulant dosage. This figure indicates that the samples 
were measured at different time intervals, using 0.5 ampere and current density of 30 A/m2, 
after five minutes of the process one sample was measured in each run in the TOC analyzer
machine and it shows that the removal percentage in the samples from 5-30 minutes was
increasing as time increased, the removal percentage ranged from 29-100% with best
removal percentage occurring at time 30 minutes using Al2 (SO4)3 as coagulant. Run # 1
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no coagulant added: the range of removal with respect to time intervals 5, 10, 20 and 30
were 29, 55, 63 and 72% respectively, whereas in run 2 with the addition of 100 mg/l
Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 36,
77, 100 and 100 % respectively which was the best removal percentage in this set. For
FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 41, 82, 94 
and 100% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time
interval 5, 10, 20 and 30 minutes were 49, 76, 100 and 100% respectively.
Figure 14 Run # 25-28. TOC removal vs. time: Milk waste water strength 150 mg/l, 0.5
ampere and 150 mg/l coagulant dosage.
Figure 15 shows run # 29-32. (TOC) removal vs. time: Milk waste water strength
150 mg/l, 1 ampere and 150 mg/l coagulant dosage. This figure indicates that the samples
were measured at different time intervals, and using 1 ampere and current density of 60
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A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 21-100%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run # 1 no coagulant added: the range of removal in respect to time intervals 5, 10, 20 and
30 were 21, 50, 61 and 69% respectively, whereas in run 2 with the addition of 1 mg/l Al2 
(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 51, 84, 
196 and 100 % respectively which was the best removal percentage in this set. For FeCl3 
coagulant at time 5, 10, 20 and 30 minutes the removal rate were 43, 78, 98 and 100 % 
respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval 5, 10, 
20 and 30 minutes were 44, 84, 98 and 100% respectively.
Figure 15 Run # 29-32. TOC removal vs. time: Milk waste water strength 150 mg/l, 1
ampere and 150 mg/l coagulant dosage.
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Figure 16 shows run # 33-36. TOC removal rate vs. time: Milk waste water strength
150 mg/l, 1.5 ampere and 150 mg/l coagulant dosage. This figure indicates that the samples
were measured at different time intervals, and using 1.5 ampere and current density of 90 
A/m2. After five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it showed that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 32-100%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant. 
Run # 1 no coagulant added: the range of removal with respect to time intervals 5, 10, 20 
and 30 were 32, 58, 65 and 74% respectively, whereas in run 2 with the addition of 150
mg/l Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 
51, 85, 100 and 100 % respectively which was the best removal percentage in this set. For 
FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 49, 78, 100
and 100 % respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time 
interval 5, 10, 20 and 30 minutes were 49, 88, 96 and 100% respectively.
74
Figure 16 Run # 33-36. TOC removal vs. time: Milk waste water strength 150 mg/l, 1.5 
ampere and 150 mg/l coagulant dosage.
Figure 17 shows run # 37-40. (TOC) removal vs. time: Milk waste water strength 
575 mg/l, 0.5 ampere and 50 mg/l coagulant dosage. This figure indicates that the samples 
were measured at different time intervals using 0.5 ampere and current density of 30 A/m2. 
After five minutes of the process, one sample was measured in each run in the TOC
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 14-82%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run 1 no coagulant added: the range of removal with respect to time intervals 5, 10, 20 and
30 were 14, 25, 53 and 65% respectively, whereas in run 2 with the addition of 50 mg/l Al2 
(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 18, 40, 
69 and 82% respectively which was the best removal percentage in this set. For FeCl3
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coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 19, 40, 58 and
71% respectively, whereas for Fe(SO4)3 coagulant the removal rate at time interval 5, 10,
20 and 30 minutes were 10, 43, 59 and 75% respectively.
Figure 17 Run # 37-40. TOC removal vs. time: Milk waste water strength 575 mg/l, 0.5
ampere and 50 mg/l coagulant dosage.
Figure 18 shows run # 41-44. TOC removal vs. time: Milk waste water strength
575 mg/l, 1 ampere and 50 mg/l coagulant dosage. This figure indicates that the samples
were measured at different time intervals, and using 1 ampere and current density of 60 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 12-92%
with best removal percentage occurring at time 30 minutes using Al2 (SO4)3 as coagulant.
Run # 1 no coagulant added: the range of removal in respect to time intervals 5, 10, 20 and
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30 were 12, 30, 47 and 60 % respectively, whereas in run 2 with the addition of 50 mg/l
Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal rate were 30, 63, 80 
and 92 % respectively which was the best removal percentage in this set. For FeCl3
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 25, 47, 70 and
84% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval
5, 10, 20 and 30 minutes were 22, 50, 68 and 75% respectively.
Figure 18 Run # 41-44. TOC removal vs. time: Milk waste water strength 575 mg/l, 1 
ampere and 50 mg/l coagulant dosage.
Figure 19 shows run # 45-48. (TOC) removal vs. time: Milk waste water strength 
575 mg/l, 1.5 ampere and 50 mg/l coagulant dosage. This figure indicates that the samples 
were measured at different time intervals and using 1.5 ampere and current density of 90 
A/m2, after five minutes of the process one sample was measured in each run in the TOC
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analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 12-100%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run # 1 no coagulant added the range of removal with respect to time intervals 5, 10, 20
and 30 were 12, 36, 52 and 62% respectively, whereas in run 2 with the addition of 50 mg/l
Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 30, 
70, 94 and 100% respectively which was the best removal percentage in this set. For FeCl3 
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 30, 53, 87 and 
100% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval 
5, 10, 20 and 30 minutes were 25, 72, 94 and 100% respectively.
Figure 19 Run # 45-48. TOC removal vs. time: Milk waste water strength 575 mg/l, 1.5 
ampere and 50 mg/l coagulant dosage.
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Figure 20 shows run # 49-52. TOC removal vs. time: Milk waste water strength
575 mg/l, 0.5 ampere and 100 mg/l coagulant dosage. This figure indicates that the samples 
were measured at different time intervals, using 0.5 ampere and current density of 30 A/m2, 
after five minutes of the process one sample was measured in each run in the TOC analyzer
machine and it shows that the removal percentage in the samples from 5-30 minutes was
increasing as time increased, the removal percentage ranged from 11-95% with best
removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant. Run # 1 no 
coagulant added the range of removal in respect to time intervals 5, 10, 20 and 30 were 11, 
49, 51 and 61% respectively, whereas in run 2 with the addition of 50 mg/l Al2(SO4)3 as 
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 36, 61, 90 and 
95% respectively which was the best removal percentage in this set. For FeCl3 coagulant 
at time 5, 10, 20 and 30 minutes the removal percentage were 31, 52, 70 and 83% 
respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval 5, 10, 
20 and 30 minutes were 30, 59, 85 and 92% respectively.
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Figure 20 Run # 49-52. TOC removal vs. time: Milk waste water strength 575 mg/l, 0.5 
ampere and 100 mg/l coagulant dosage.
Figure 21 shows run # 53-56. TOC removal vs. time: Milk waste water strength 
575 mg/l, 1 ampere and 100 mg/l coagulant dosage. This figure indicates that the samples
were measured at different time intervals, and using 1 ampere and current density of 60 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 16-97%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run # 1 no coagulant added: the range of removal with respect to time intervals 5, 10, 20
and 30 were 16, 48, 61 and 68% respectively whereas in run 2 with the addition of 100
mg/l Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were
31, 66, 92 and 97% respectively which was the best removal percentage in this set. For
80
FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 27, 47, 63 
and 81% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time
interval 5, 10, 20 and 30 minutes were 28, 60, 89 and 92% respectively.
Figure 21 Run # 53-56. TOC removal vs. time: Milk waste water strength 575 mg/l, 1 
ampere and 100 mg/l coagulant dosage.
Figure 22 shows run 57-60. (TOC) removal vs. time: Milk waste water strength 575
mg/l, 1.5 ampere and 100 mg/l coagulant dosages. This figure indicates that the samples
were measured at different time intervals, and using 1.5 ampere and current density of 90 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 17-100%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
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Run # 1 no coagulant added: the range of removal in respect to time intervals 5, 10, 20 and
30 were 17, 45, 60 and 66% respectively, whereas in run 2 with the addition of 100 mg/l
Al2 (SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 32, 
69, 96 and 100% respectively which was the best removal percentage in this set. For FeCl3
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 34, 52, 81 and
93% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval
5, 10, 20 and 30 minutes were 30, 71, 93 and 100% respectively.
Figure 22 Run # 57-60. TOC removal vs. time: Milk waste water strength 575 mg/l, 1.5
ampere and 100 mg/l coagulant dosage.
Figure 23 shows run # 61-64. TOC removal vs. time: Milk waste water strength
575 mg/l, 0.5 ampere and 150 mg/l coagulant dosage. This figure indicates that the samples 
were measured at different time intervals, using 0.5 ampere and current density of 30 A/m2,
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after five minutes of the process one sample was measured in each run in the TOC analyzer
machine and it shows that the removal percentage in the samples from 5-30 minutes was
increasing as time increased, the removal percentage ranged from 20-94% with best
removal rate occurring at time 30 minutes using Al2(SO4)3 as coagulant. Run # 1 no
coagulant added: the range of removal with respect to time intervals 5, 10, 20 and 30 were
20, 42, 59 and 65% respectively, whereas in run 2 with the addition of 150 mg/l Al2 (SO4)3
as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 28, 70, 90 and
194% respectively which was the best removal percentage in this set. For FeCl3 coagulant 
at time 5, 10, 20 and 30 minutes the removal percentage were 20, 46, 76 and 86% 
respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval 5, 10, 
20 and 30 minutes were 37, 72, 87 and 90% respectively.
Figure 23 Run # 61-64. TOC removal vs. time: Milk waste water strength 575 mg/l, 0.5
ampere and 150 mg/l coagulant dosage.
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Figure 24 shows run # 65-68. TOC removal vs. time: Milk waste water strength
575 mg/l, 1 ampere and 150 mg/l coagulant dosage. This figure indicates that the samples
were measured at different time intervals, and using 1 ampere and current density of 60 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 20-95%
with best removal percentage occurring at time 30 minutes using Al2 (SO4)3 as coagulant. 
Run # 1 no coagulant added the range of removal in respect to time intervals 5, 10, 20 and 
30 were 20, 45, 61 and 67% respectively, whereas in run 2 with the addition of 150 mg/l 
Al2 (SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 25, 
66, 82 and 95% respectively which was the best removal percentage in this set. For FeCl3 
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 29, 60, 82 and 
92% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval 
5, 10, 20 and 30 minutes were 27, 55, 82 and 93% respectively.
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Figure 24 Run # 65-68. TOC removal vs. time: Milk waste water strength 575 mg/l, 1
ampere and 150 mg/l coagulant dosage.
Figure 25 shows run # 69-72. TOC removal vs. time: Milk waste water strength
575 mg/l, 1.5 ampere and 150 mg/l coagulant dosage. This figure indicates that the samples
were measured at different time intervals, and using 1.5 ampere and current density of 90 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 17-89%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run # 1 no coagulant added: the range of removal with respect to time intervals 5, 10, 20
and 30 were 17, 47, 59 and 69% respectively, whereas in run 2 with the addition of 150
mg/l Al2 (SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were
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26, 63, 85 and 89% respectively which was the best removal percentage in this set. For
FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 26, 62, 79 
and 87% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time
interval 5, 10, 20 and 30 minutes were 22, 60, 78 and 87% respectively.
Figure 25 Run # 69-72. TOC removal vs. time: Milk waste water strength 575 mg/l, 1.5
ampere and 150 mg/l coagulant dosage.
Figure 26 shows run # 73-76. TOC removal rate vs. time: Milk waste water strength 
1000 mg/l, 0.5 ampere and 50 mg/l coagulant dosage. This figure indicates that the samples 
were measured at different time intervals, using 0.5 ampere and current density of 30 A/m2, 
after five minutes of the process one sample was measured in each run in the TOC analyzer 
machine and it shows that the removal percentage in the samples from 5-30 minutes was 
increasing as time increased, the removal percentage ranged from 17-84% with best
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removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant. Run # 1 no
coagulant added: the range of removal with respect to time intervals 5, 10, 20 and 30 were
17, 38, 51 and 63% respectively, whereas in run 2 with the addition of 50 mg/l Al2(SO4)3
as coagulant at time 5, 10, 20 and 30 minutes the removal rate were 21, 47, 75 and 84%
respectively which was the best removal percentage in this set. For FeCl3 coagulant at time
5, 10, 20 and 30 minutes the removal percentage were 34, 51, 72 and 81% respectively,
whereas for Fe(SO4)3 coagulant the removal percentage at time interval 5, 10, 20 and 30 
minutes were 28, 57, 70 and 79% respectively.
Figure 26 Run # 73-76. TOC removal vs. time: Milk waste water strength 1000 mg/l, 0.5
ampere and 50 mg/l coagulant dosage.
Figure 27 shows run # 77-80. TOC removal rate vs. time: Milk waste water strength 
1000 mg/l, 1 ampere and 50 (mg/l coagulant dosage. This figure indicates that the samples
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were measured at different time intervals, and using 1 ampere and current density of 60 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal in the samples from 5-30 minutes was
increasing as time increased, the removal percentage ranged from 9-89% with best removal
rate occurring at time 30 minutes using Al2(SO4)3 as coagulant. Run # 1 no coagulant
added, the range of removal with respect to time intervals 5, 10, 20 and 30
were 9, 42, 55 and 66% respectively, whereas in run 2 with the addition of 50 mg/l
Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 28,
55, 81 and 89% respectively which was the best removal percentage in this set. For FeCl3
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 38, 61, 77 and
86% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval
5, 10, 20 and 30 minutes were 31, 62, 77 and 87% respectively.
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Figure 27 Run # 77-80 TOC removal vs. time: Milk waste water strength 1000 mg/l, 1
ampere and 50 mg/l coagulant dosage.
Figure 28 shows run # 81-84. TOC removal vs. time: Milk waste water strength 
1000 mg/l, 1.5 ampere and 50 mg/l coagulant dosage. This figure indicates that the samples 
were measured at different time intervals, and using 1.5 ampere and current density of 90 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30 
minutes was increasing as time increased, the removal percentage ranged from 20-94% 
with best removal percentage occurring at time 30 minutes using Al2 (SO4)3 as coagulant. 
Run # 1 no coagulant added: the range of removal with respect to time intervals 5, 10, 20 
and 30 were 20, 46, 59 and 70% respectively, whereas in run 2 with the addition of 50 mg/l
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Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 28, 
62, 84 and 94% respectively which was the best removal percentage in this set. For FeCl3
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 39, 61, 83 and
93% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval
5, 10, 20 and 30 minutes were 32, 66, 83 and 94% respectively.
Figure 28 Run # 81-84. TOC removal vs. time: Milk waste water strength 1000 mg/l, 1.5
ampere and 50 mg/l coagulant dosage.
Figure 29 shows run # 85-88. TOC removal vs. time: Milk waste water strength 
1000 mg/l, 0.5 ampere and 100 mg/l coagulant dosage. This figure indicates that the 
samples were measured at different time intervals, using 0.5 ampere and current density of 
30 A/m2, after five minutes of the process one sample was measured in each run in the 
TOC analyzer machine and it shows that the removal percentage in the samples from 5-30 
minutes was increasing as time increased, the removal percentage ranged from 24-96 %
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with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run # 1 no coagulant added the range of removal in respect to time intervals 5, 10, 20 and
30 were 24, 49, 63 and 72% respectively, whereas in run 2 with the addition of 100 mg/l
coagulant. Al2 (SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage
were 29, 65, 89 and 96% respectively which was the best removal percentage in this set.
For FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 29, 62, 
87 and 93% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time 
interval 5, 10, 20 and 30 minutes were 30, 66, 86 and 94% respectively.
Figure 29 Run # 85-88. TOC removal rate vs. time: Milk waste water strength 1000 mg/l, 
0.5 ampere and 100 mg/l coagulant dosage.
Figure 30 shows run # 89-92. TOC removal vs. time: Milk waste water strength 
1000 mg/l, 1 ampere and 100 mg/l coagulant dosage. This figure indicates that the samples
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were measured at different time intervals, and using 1 ampere and current density of 60 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 20-99%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run # 1 no coagulant added the range of removal with respect to time intervals 5, 10, 20
and 30 were 20, 56, 63 and 70% respectively, whereas in run 2 with the addition of 100
mg/l Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 
35, 75, 95 and 99% respectively which was the best removal percentage in this set. For 
FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 30, 64, 92 
and 95% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time 
interval 5, 10, 20 and 30 minutes were 34, 72, 94 and 97% respectively.
Figure 30 Run # 89-92.TOC removal vs. time: Milk waste water strength 1000 mg/l, 1 
ampere and 100 mg/l coagulant dosage.
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Figure 31 shows run # 93-96. TOC removal vs. Time: Milk waste water strength
1000 mg/l, 1.5 ampere and 100 mg/l coagulant dosage. This figure indicates that the
samples were measured at different time intervals, and using 1.5 ampere and current 
density of 90 A/m2, after five minutes of the process one sample was measured in each run 
in the TOC analyzer machine and it shows that the removal percentage in the samples from
5-30 minutes was increasing as time increased, the removal percentage ranged from 27-99
% with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant. 
Run # 1 no coagulant added the range of removal with respect to time intervals 5, 10, 20 
and 30 were 27, 60, 68 and 74% respectively, whereas in run 2 with the addition of 100 
mg/l Al2 (SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 
40, 79, 97 and 99% respectively which was the best removal percentage in this set. For 
FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 31, 67, 94 
and 97% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time 
interval 5, 10, 20 and 30 minutes were 39, 77, 96 and 99% respectively.
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Figure 31 Run # 93-96.TOC removal vs. time: Milk waste water strength 1000 mg/l, 1.5 
ampere and 100 mg/l coagulant dosage.
Figure 32 shows run # 97-100. TOC removal rate vs. time: Milk waste water
strength 1000 mg/l, 0.5 ampere and 150 mg/l coagulant dosage. This figure indicates that
the samples were measured at different time intervals, using 0.5 ampere and current density 
of 30 A/m2, after five minutes of the process one sample was measured in each run in the 
TOC analyzer machine, it shows that the removal percentage in the samples from 5-30
minutes was increasing as time increased, the removal percentage ranged from 25-93%
with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run # 1 no coagulant added the range of removal in respect to time intervals 5, 10, 20 and
30 were 25, 57, 65 and 69% respectively, whereas in run 2 with the addition of 150 mg/l
Al2 (SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 29,
94
69, 85 and 93% respectively which was the best removal percentage in this set. For FeCl3
coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 29, 63, 81 and
88% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time interval
5, 10, 20 and 30 minutes were 30, 69, 84 and 93% respectively.
Figure 32 Run # 97-100. TOC removal vs. time: Milk waste water strength 1000 mg/l, 0.5
ampere and 150 mg/l coagulant dosage.
Figure 33 shows run # 101-104. TOC removal vs. time: Milk waste water strength 
1000 mg/l, 1 ampere and 150 mg/l coagulant dosage. This figure indicates that the samples 
were measured at different time intervals, and using 1 ampere and current density of 60 
A/m2, after five minutes of the process one sample was measured in each run in the TOC 
analyzer machine and it shows that the removal percentage in the samples from 5-30 
minutes was increasing as time increased, the removal percentage ranged from 27-91%
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with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as coagulant.
Run # 1 no coagulant added the range of removal with respect to time intervals 5, 10, 20
and 30 were 27, 67, 78 and 80% respectively, whereas in run 2 with the addition of 150
mg/l Al2(SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage were
32, 66, 87 and 91% respectively which was the best removal percentage in this set. For
FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 30, 55, 78 
and 87% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time 
interval 5, 10, 20 and 30 minutes were 34, 67, 87 and 89% respectively.
Figure 33 Run # 101-104. TOC removal vs. time: Milk waste water strength 1000 mg/l, 1
ampere and 150 mg/l coagulant dosage.
Figure 34 shows run # 105-108. TOC removal vs. time: Milk waste water strength
1000 mg/l, 1.5 ampere and 150 mg/l coagulant dosage. This figure indicates that the
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samples were measured at different time intervals, and using 1.5 ampere and current 
density of 90 A/m2, after five minutes of the process one sample was measured in each run 
in the TOC analyzer machine and it shows that the removal percentage in the samples from
5-30 minutes was increasing as time increased, the removal percentage ranged from 21­
87% with best removal percentage occurring at time 30 minutes using Al2(SO4)3 as
coagulant. Run # 1 no coagulant added the range of removal with respect to time intervals
5, 10, 20 and 30 were 21, 51, 60 and 83% respectively, whereas in run 2 with the addition
of 150 mg/l Al2 (SO4)3 as coagulant at time 5, 10, 20 and 30 minutes the removal percentage 
were 31, 65, 84 and 87% respectively which was the best removal percentage in this set. 
For FeCl3 coagulant at time 5, 10, 20 and 30 minutes the removal percentage were 33, 54, 
76 and 86% respectively, whereas for Fe(SO4)3 coagulant the removal percentage at time 
interval 5, 10, 20 and 30 minutes were 32, 62, 81 and 85% respectively.
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Figure 34 Run # 1-4. TOC removal vs. time: Milk waste water strength 1000 mg/l, 1.5
ampere and 150 mg/l coagulant dosage.
4.4 TRANSMITTANCE RESULTS
Transmittance measures the ability of a liquid to transmit light or let light pass
through it. In this study transmittance was measured as an indication of the purity of the
samples, in other words it indicates the amount of organics being removed from the
samples which is proportional to the transmittance. All samples were tested for
transmittance and different records were obtained. Figure 35 indicates the transmittance in
8 runs vs. time with the specifications indicated in the run protocol. It shows that initial
transmittance percentage for milk waste water of low strength 150 mg/l at 92.6% and it
reaches 98.8% as time of the ECF experiment increased. With no addition of coagulant at
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5, 10, 20 and 30 minutes time intervals the maximum transmittance reached was at time
equal to 30 minutes which reached 98.1%. With 50 mg/l Al2(SO4)3 coagulant, maximum 
transmittance was reached at time equal 30 minutes was 98.3%. With FeCl3, the maximum 
transmittance was reached at time equal to 30 minutes it reached 98.3%. With Fe(SO4)3
coagulant, the maximum transmittance reached at time equal 30 minutes was 98.8%.
Figure 35 Run # 1-8 Transmittance % vs. time.
Figure 36 shows transmittance of run # 9-16. With the specifications indicated in 
the run protocol. It shows that initial transmittance percentage for milk waste water of low 
strength 150 mg/l at 92.6% and it reaches 98.8% as time of the ECF experiment increased. 
With no addition of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance 
reached at 30 minutes was 97.4%. With 50 mg/l Al2(SO4)3 coagulant, maximum
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transmittance was reached at time equal to 30 minutes it reached 98.5%. With FeCl3, the
maximum transmittance was reached was at time equal to 30 minutes and it reached 99.5%.
With Fe(SO4)3 coagulant, the maximum transmittance reached was at time equal to 30
minutes was 99.1%.
Figure 36 Run # 9-16.Transmittance vs. time.
Figure 37 shows transmittance vs. time in Run # 17-24. With the specifications 
indicated in the run protocol. It shows that initial transmittance percentage for milk waste 
water of low strength 150 mg/l was 92.1% and it reaches 99.7% as time of the ECF 
experiment increased. With no addition of coagulant at 5, 10, 20 and 30 minutes the 
maximum transmittance was reached was at time equal to 30 minutes was 98%. With 50 
mg/l Al2(SO4)3 coagulant, the maximum transmittance was reached was at time equal to 
30 minutes it reached 99.7%. With FeCl3, the maximum transmittance was reached was at
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time equal to 30 minutes and it reached 99.1%. With Fe(SO4)3 coagulant, the maximum
transmittance reached was at time equal to 30 minutes it reached 99.1%.
Figure 37 Run # 17-24.Transmittance vs. time.
Figure 38 shows transmittance vs. time in run # 25-33. With the specifications
indicated in the run protocol. It shows that initial transmittance percentage for milk waste
water of low strength 150 mg/l at 91.3% and it reaches 99.5% as time of the ECF
experiment increased. With no addition of coagulant at 5, 10, 20 and 30 minutes the
maximum transmittance reached was at 30 minutes which reached 97.5%. With 50 mg/l
Al2(SO4)3 coagulant, maximum transmittance was reached at time equal 30 minutes it 
reached 99.5%. With FeCl3, the maximum transmittance was reached at time equal to 30 
minutes and it was 99.5%. With Fe(SO4)3 coagulant, the maximum transmittance was
reached at time equal to 30 minutes which reached 99.5%.
101
Figure 38 Run # 25-32. Transmittance vs. time.
Figure 39 shows run # 33-40. With the specifications indicated in the run protocol.
It shows that initial transmittance percentage for milk waste water of low strength 575 mg/l
was at 86.1%. As time of the ECF experiment increased transmittance reached 94.8%.
With no addition of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance was 
reached at 30 minutes which reached 89.9%. With 50 mg/l Al2(SO4)3 coagulant, at time 
interval equal to 30 minutes, maximum transmittance reached was 94.6%. With FeCl3, the 
maximum transmittance was reached at time equal to 30 minutes was 90.9%. With 
Fe(SO4)3 coagulant, the maximum transmittance reached at time equal to 30 minutes was
94.8%.
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Figure 39 Run # 33-40. Transmittance vs. time.
Figure 40 shows run # 41-48. With the specifications indicated in the run protocol. 
It shows that initial transmittance percentage for milk waste water of low strength 575 mg/l 
at 86.3% and it reaches 96.2% as time of the ECF experiment increased. With no addition
of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance was reached at 30
minutes which reached 90 %. With 50 mg/l Al2(SO4)3 coagulant, maximum transmittance 
was reached at time equal to 30 minutes it reached 96.3%. With FeCl3, the maximum
transmittance was reached at time equal to 30 minutes and it reached 93.2%. With Fe
(SO4)3 coagulant, the maximum transmittance was reached at time equal to 30 minutes was
96.2%.
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Figure 40 Run # 41-48. Transmittance vs. time.
Figure 41 shows run # 49-56. With the specifications indicated in the run protocol.
It shows that initial transmittance percentage for milk waste water of low strength 575 mg/l
at 86.1% and it reaches 98.9% as time of the ECF experiment increased. With no addition
of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance was reached was at
30 minutes which reached 89.9%. With 50 mg/l Al2(SO4)3 coagulant, maximum 
transmittance was reached at time equal to 30 minutes it reached 98.4%. With FeCl3, the
maximum transmittance was reached at time equal to 30 minutes and it reached 97.3%.
With Fe(SO4)3 coagulant, the maximum transmittance reached at time equal to 30 minutes
was 98.9%.
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Figure 41 Run # 49-56.Transmittance vs. time.
Figure 42 shows run # 57-64. With the specifications indicated in the run protocol. 
It shows that initial transmittance percentage for milk waste water of low strength 575 mg/l 
at 86.2% and it reached 99.1% as time of the ECF experiment increased. With no addition
of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance reached at 30 minutes
was 89.9%. With 50 mg/l Al2(SO4)3 coagulant, maximum transmittance reached at time 
equal to 30 minutes was 99.1%. With FeCl3, the maximum transmittance reached at time 
equal to 30 minutes was 97.3%. With Fe(SO4)3 coagulant, the maximum transmittance
reached at time equal to 30 minutes was 98.9%.
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Figure 42 Run # 57-64.Transmittance vs. time.
Figure 43 shows run # 65-72. With the specifications indicated in the run protocol.
It shows that initial transmittance percentage for milk waste water of low strength 575 mg/l
at 86. % and it reaches 95.3% as time of the ECF experiment increased. With no addition
of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance reached at 30 minutes
was 90%. With 50 mg/l Al2(SO4)3 coagulant, maximum transmittance reached at time 
equal 30 minutes was 95.3%. With FeCl3, the maximum reached at time equal 30 minutes 
was 93%. With Fe(SO4)3 coagulant, the maximum transmittance reached at time equal 30
minutes was 94.6%.
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Figure 43 Run # 65-72. Transmittance vs. time.
Figure 44 shows run # 73-80. With the specifications indicated in the run protocol. 
It shows that initial transmittance percentage for milk waste water of low strength 1000 
mg/l at 80.7% and it reached 91.1% as time of the ECF experiment increased. With no 
addition of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance reached was 
at 30 minutes was 89.2%. With 50 mg/l Al2(SO4)3 coagulant, maximum transmittance 
reached at time equal 30 minutes was 91.1%. With FeCl3, the maximum reached at time 
equal 30 minutes was 90.5%. With Fe(SO4)3 coagulant, the maximum transmittance 
reached at time equal to 30 minutes was 90.7%.
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Figure 44 Run # 73-80. Transmittance vs. time.
Figure 45 shows run # 81-88. With the specifications indicated in the run protocol
it shows that initial transmittance percentage for milk waste water of low strength 1000
mg/l at 80.9% and it reached 94.8% as time of the ECF experiment increased. With no
addition of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance reached at
30 minutes was 89.2%. With 50 mg/l Al2(SO4)3 coagulant, maximum transmittance 
reached at time equal to 30 minutes was 94.8%. With FeCl3, the maximum transmittance 
reached at time equal to 30 minutes was 93%. With Fe(SO4)3 coagulant, the maximum
transmittance reached at time equal to 30 minutes was 94.2%.
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Figure 45 Run # 81-88.Tranmissivity vs. time.
Figure 46 shows run # 89-96. With the specifications indicated in the run protocol.
It shows that initial transmittance percentage for milk waste water of low strength 1000
mg/l at 80.7% and it reached 98.8% as time of the ECF experiment increased. With no
addition of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance reached at
30 minutes was 89.4 %. With 50 mg/l Al2(SO4)3 coagulant, maximum transmittance 
reached at time equal to 30 minutes was 97.4%. With FeCl3, the maximum transmittance 
reached at time equal to 30 minutes was 95.3%. With Fe(SO4)3 coagulant, the maximum
transmittance reached at time equal to 30 minutes was 98.8%.
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Figure 46 Run # 89-96.Transmittance vs. time.
Figure 47 shows run # 97-104. With the specifications indicated in the run protocol. 
It shows that initial transmittance percentage for milk waste water of low strength 1000 
mg/l at 81% and it reached 90.9% as time of the ECF experiment increased. With no 
addition of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance reached at 
30 minutes was 88.4%. With 50 mg/l Al2(SO4)3 coagulant, maximum transmittance 
reached at time equal to 30 minutes was 90.9%. With FeCl3, the maximum transmittance 
reached at time equal to 30 minutes was 90.3%. With Fe(SO4)3 coagulant, the maximum 
transmittance reached at time equal to 30 minutes was 90.9%.
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Figure 47 Run # 97-104. Transmittance vs. time.
Figure 48 shows run # 105-108. With the specifications indicated in the run 
protocol. It shows that initial transmittance percentage for milk waste water of low strength 
1000 mg/l at 81.3% and it reached 90.5% as time of the ECF experiment increased. With 
no addition of coagulant at 5, 10, 20 and 30 minutes the maximum transmittance reached 
at 30 minutes was 87.9 %. With 50 mg/l Al2(SO4)3 coagulant, maximum transmittance 
reached at time equal 30 to minutes was 90.5%. With FeCl3, the maximum transmittance 
reached at time equal to 30 minutes was 90.1%. With Fe(SO4)3 coagulant, the maximum 
transmittance reached at time equal to 30 minutes was 90.3%.
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Figure 48 Run # 105-108.Transmittance vs. time.
4.5 KINETICS
The kinetics of the order of reaction in regard to turbidity was studied in this work,
a total of 108 graphs were generated in all three orders of reactions zero, first and second
order reactions. The turbidity was analyzed in regard to their kinetics in which the majority
of the samples showed a general trend of first order reactions. Samples were tested at five
different time intervals 0, 5, 10, 20 and 30 minutes according to run protocol in which three
different coagulants at three different strengths were tested. Synthetic milk waste water
samples at three strengths of low strength of 150 mg/l, medium strength of 575 mg/l and
high strength of 1000 mg/l were measured.
Figure 49 through figure 156 shows the different order of reactions in regard to the 
turbidity vs. time kinetics at different milk waste water strengths, different amperes and
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different strengths of different coagulants vs time. Figure 49 to 53 are the representative
figures of the text of this chapter. The result of the rest of the runs (run 6 to run 108) are
presented in figure 54-156 page 179-230 in Appendix A.
coagulant added.
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Figure 50 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and 50 mg/l
Al2 (SO4)3 coagulant dosage.
Figure 51 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and 50 mg/l
FeCl3 coagulant dosage
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Figure 52 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and 50 mg/l 
Fe (SO4)3 coagulant dosage.
coagulant added.
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4.6 Minitab
Minitab is a statistical program, developed a by Barbara F. Ryan, Thomas A. Ryan, 
Jr., and Brian L. Joiner in 1972 at Pennsylvania State University.
4.6.1 Uses of minitab:
1. File Management and data for understanding the whole analysis
2. Regression Analysis operations
3. Energy and size of samples
4. Using graphs and tables to better demonstrate the regression
5. Cluster analysis of the regression data
6. Corresponding analysis
7. Process control to measure the statistical analysis
8. Analysis of the system as whole and measurements
9. Analysis for the system to determine the deferent variables in the system [163]
In this study minitab was used to determine Analysis of variance in the samples, 
measurement system analysis, and regression Analysis.
Figures 157 through 165 show the statistical model of minitab and also show the regression
analysis of the model found in page 231 -239 in Appendix A.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
5.1 CONCLUSIONS
The following conclusions can be derived from this study.
1. The ECF process significantly removes organics in synthetic milk waste water.
2. Synthetic milk waste water removal efficiencies for all the applied current levels
ranged between 7% to almost 100%, depending on the type of coagulant used and 
thee detention time applied.
3. Initially with the application of aluminum electrodes without coagulants addition 
the removal rate ranged between 7% to 70%.
4. Whereas the addition of coagulants enhanced the removal efficiency was 
observed and removal efficiency reached to almost 100%.
5. The influence of aluminum sulfate Al2(SO4)3 as a coagulant at 100 mg/l dosage 
indicates that the reactor was able to reduce an average initial concentration of
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150 mg/l, to almost zero concentration of organics after 20 minutes of reaction
time.
6. Aluminum sulfate as a coagulant was able to reduce the initial concentration of
organics synthetic milk waste water of 575 mg/l to almost zero after 30 minutes 
by applying 1.5 ampere, and current density of 90 A / m2.
7. Aluminum sulfate Al2(SO4)3 at 100 mg/l dosage and 1.5 ampere and current 
density of 90 A/m2 was able to reduce the synthetic milk waste water organics 
with an initial concentration of 1000 mg/l to a final removal rate of 99%
efficiency.
8. This clearly indicates the effectiveness of EFC technology in removing organic 
carbon from milk waste water. Also ferric chloride FeCl3 was able to enhance the 
removal rate of organic but of a lesser degree compared to aluminum sulfate.
9. In some cases, ferric sulfate Fe(SO4)3 coagulant was able to remove to almost 
100% of organics in synthetic milk waste water at a strength of 150 mg/l and also 
performed very well in medium and high strength of synthetic milk waste water
but to a lesser degree when compared with aluminum sulfate Al2(SO4)3.
10. Electrochemical flotation technology has proved to be an excellent method in 
treating contaminated water with organic. It has the ability to reach a removal rate 
of almost 100% of organics.
5.2 RECOMMENDATIONS
Further studies are needed in determining different electrodes other than 
aluminum including iron or hybrid electrodes of both aluminum and iron. In addition, 
further studies are needed to determine the efficiency of removal at different current
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density than what was used in this study. Furthermore, it is recommended that studies be
conducted using the electrochemical coagulation and flotation method to determine other
types of industrial waste water.
119
REFERENCES
1. Britz TJ, Van Schalkwyk C and Hung Y, Treatment of dairy processing waste 
waters, in Waste Treatment in the Food Processing Industry, ed by Wang LK, Hung
Y, Lo HH and Yapijakis C. CRC Press, Taylor & Francis Group, USA, pp. 1-28
(2006).
2. P.P. Strokach, Electrochem. Ind. Process. Bio. 55 (1975) 375.
3. F.E. Stuart, Electronic water purification progress report on the electronic 
coagulator—a new device which gives promise of unusually speedy and effective 
results, Water Sewage 84 (1946) 24-26.
4. C.F. Bonilla, Possibilities of the electronic coagulator for water treatment, Water 
Sewage, 85 (1947) 21, 22, 44, 45.
5. T.R. Yu, G.L. Ji, Electrochemical Methods in Soil and Water Research, Pergamon 
Press, Oxford, 1993.
6. F. Goodridge, K. Scott, Electrochemical Process Engineering, a Guide to the 
Design of Electrolytic Plant, Plenum Press, New York, 1995.
7. K. Scott, Electrochemical Processes for Clean Technology, the Royal Society of 
Chemistry, London, 1995.
8. Balannec B, Vourch M, Rabiller-Baudry M, Chaufer B. Comparative study of 
different nanofiltration and reverse osmosis membranes for dairy effluent treatment 
by dead-end filtration. Sep Purif Technol 2005; 42:195-200.
9. Demirel B, Yenigun O, Onay TT. Anaerobic treatment of dairy waste waters. 
Process Biochem 2005; 40:2583-95.
120
10. Chimenos JM, Fernandez AI, Hernandez A, Haurie L, Espiell F, Ayora C.
Optimization of phosphate removal in anodizing aluminum waste water. Water
Res 2006; 40: 137-43.
11. Irdemez S, Demircioglu N, Sevki Y, Bingul Z. The effects of current density and
phosphate concentration on phosphate removal from waste water by
electrocoagulation using aluminum and iron plate electrodes. Sep Purif Technol
2006; 52:218-23.
12. Golder AK, Samanta AN, Ray S. Removal of phosphate from aqueous solutions 
using calcined metal hydroxide sludge waste water generated from 
electrocoagulation Sep Purif Technol 2006; 52:102-9.
13. Hamdani A, Mountadar M, Assohei O. Comparative study of the efficacy of three 
coagulants in treating dairy factory waste water. Int J Dairy Technol 2005; 58:83­
8.
14. Andreu J, Solera A, Paredes J, PérezMA, PulidoM(2008) Decision support tools 
for policy making in European Water Research Day (Zaragoza). European 
Communities.
15. J.Q. Jiang, N. Graham, C. Andre, H.K. Geoff, N. Brandon, Laboratory study of 
electro-coagulation flotation for water treatment, Water Res. 36 (2002) 4064-4078.
16. Q.H. Zuo, X.M. Chen, W. Li, G.H. Chen, Combined electrocoagulation and 
electroflotation for removal of fluoride from drinking water, J. Hazard. Mater. 159
(2008) 452-457.
121
17. M. Bennajah, B. Gourich, A.H. Essadki, Ch. Vial, H. Delmas, Defluoridation of
Morocco drinking water by electrocoagulation/electroflotation in an
electrochemical external-loop airlift reactor, Chem. Eng. J. 148 (2009) 122-131.
18. P. Gao, X.M. Chen, F. Shen, G.H. Chen, Removal of chromium (VI) from waste 
water by combined electrocoagulation-electroflotation without a filter, Sep. Purif. 
Technol. 43 (2004) 117-123.
19. B. Merzouk, B. Gourich, A. Sekki, K. Madani, M. Chibane, Removal turbidit and
separation of heavy metals using electrocoagulation-electroflotation technique. A 
case study, J. Hazard. Mater. 164 (2009) 215-222.
20. G.H. Chen, X.M. Chen, P.L. Yue, Electrocoagulation and electroflotation of 
restaurant waste water, J. Environ. Eng. 126 (2000) 858-863.
21. R.M. Bande, B. Prasad, I.M. Mishra, K.L. Wasewar, Oil field effluent water 
treatment for safe disposal by electroflotation, Chem. Eng. J. 137 (2008) 503-509.
22. C.Y. Hu, S.L. Lo, C.M. Li, W.H. Kuan, Treating chemical mechanical 
polishing(CMP) waste water by electro-coagulation-flotation process with 
surfactant, J. Hazard. Mater. A 120 (2005) 15-20.
23. L. Szpyrkowicz, Hydrodynamic effects on the performance of electrocoagulation/ 
electroflotation for the removal of dyes from textile waste water, Ind. Eng. Chem. 
Res. 44 (2005) 7844-7853.
24. A.H. Essadki, M. Bennajah, B. Gourich, Ch. Vial, M. Azzi, H. Delmas, 
Electrocoagulation/electroflotation in an external-loop airlift reactor—application 
to the decolorization of textile dye waste water: a case study, Chem. Eng. Process. 
47 (2008) 1211-1223.
122
25. Matteson MJ, Dobson RL, Glenn RW, Kukunoor NS, Waits WH, Clayfield EJ.
Electrocoagulation and separation of aqueous suspensions of ultra-particles. 
Colloids Surf A Physicochem Eng Aspects 1995; 104:101-9.
26. Chen X, Chen G, Yue PL. Separation of pollutants from restaurant waste water by 
electrocoagulation. Sep Purif Technol 2000; 19:65-76.
27. Bayat O, Kilic O, Bayat B, Anil M, Akarsu H, Poole C. Electrokinetic dewatering 
of Turkish glass sand plant tailings. Water Res 2006; 40:61 -6.
28. Kobya, M., Hiz, H., Senturk, E., Aydiner, C., Demirbas, E., 2006. Treatment of 
potato chips manufacturing waste water by electrocoagulation. Desalination 190 
(1e3), 201e211.
29. A. Willcock, M. Brewster, W. Tincher, American Dye Stuff Reporter, 1992, pp. 
15-22.
30. J.S. Do, M.L. Chen, J. Appl. Electrochem. 24 (1994) 785-790.
31. S.H. Lin, M.L. Chen, Water Res. 31 (1997) 868-876.
32. J. Thampi, R. Paul, Colourage (1997) 47-49.
33. J.F. Blais, S.G. Dufresne, Review Science Eau. 12 (4) (2000) 687-711.
34. W. Taparhudee, S. Suksamran, P. Srisapoome and N. Chuchird: J. Nat. Sci. Vol. 
42 (2008), p. 503.
35. V. Diaz, R. Ibáñez, P. Gomez, A.M. Urtiaga and I. Ortiz: Water Res. Vol. 45 
(2011), p. 125.
36. X. M. Chen, G. H. Chen and P. L. Yue: J. Phys. Chem. B. Vol. 105 (2001), p. 4623.
37. S.H. Lin and C.L. Wu: Water Res. Vol 30 (1996), p. 715.
123
38. K. Vijayaraghavan, D. Ahmad and T.S. Bin Fadzin: Aquac. Res. Vol. 39 (2008), p.
449.
39. L. Li, Y. Liu, Ammonia removal in electrochemical oxidation: mechanism and
pseudo-kinetics, J. Hazard. Mater. 161 (2009) 1010-1016.
40. M.M. Emamjomeh, M. Sivakumar, Review of pollutants removed by 
electrocoagulation and electrocoagulation/flotation processes, J. Environ. Manage. 
90 (2009) 1663-1679.
41. C.-Y. Hu, S.-L. Lo, W.-H. Kuan, Y.-D. Lee, Treatment of high fluoride-content 
waste water by continuous electrocoagulation-flotation system with bipolar 
aluminum electrodes, Sep. Purif. Technol. 60 (2008) 1 -5.
42. C.-T. Wang, W.-L. Chou, L.-S. Chen, S.-Y. Chang, Silica particles settling 
characteristics and removal performances of oxide chemical mechanical polishing 
waste water treated by electrocoagulation technology, J. Hazard. Mater. 161 (2009) 
344-350.
43. N. Bektas, H. Akbulut, H. Inan, A. Dimoglo, Removal of phosphate from aqueous 
solutions by electro-coagulation, J. Hazard. Mater. 106 (2004) 101 -105.
44. S. Irdemez, N. Demircioglu, Y.S. YildIz, Z. Bingül, The effects of current density 
and phosphate concentration on phosphate removal from waste water by 
electrocoagulation using aluminum and iron plate electrodes, Sep. Purif. Technol. 
52 (2006) 218-223.
45. S. Irdemez, Y.S. Yildiz, V. Tosunoglu, Optimization of phosphate removal from 
waste water by electrocoagulation with aluminum plate electrodes, Sep. Purif. 
Technol. 52 (2006) 394-401.
124
46. Watterson, I., Whetton, P., Moise, A., Timbal, B., Power, S., Arblaster, J., McInnes,
K., 2007. Regional Climate Change Projections Climate Change in Australia.
CSIRO, pp. 49-75.
47. Wilkinson, K.G., Issa, J.G., Meehan, B., Surapaneni, A., Carew, M., Palmowski,
L., 2007. Characterisation of selected dairy processing waste streams from Victoria,
Australia. Aust. J. Dairy Technol. 62, 159-165.
48. Sandstrom, M.W., 1991. Filtration of Water-Sediment Samples for the
Determination of Organic Compounds. In: Office of Water Quality, UnitedStates 
Geological Survey, Reston, Virginia.
49. Olivella, M., 2005. Trace analysis of polycyclic aromatic hydrocarbons in 
suspended particulate matter by accelerated solvent extraction followed by gas 
chromatography-mass spectrometry. Anal. Bioanal. Chem. 383, 107-114.
50. Bylund, G. 1995. Dairy Processing Handbook. Tetra Pak Processing Systems, 
Lund, Sweden.
51. Jensen, R. G., A. M. Ferris, and C. J. Lammi-Keefe. 1991. The composition of milk 
fat. J. Dairy Sci. 74:3228-3243.
52. Britz TJ, Van Schalkwyk C and Hung Y, Treatment of dairy processing waste 
waters, in Waste Treatment in the Food Processing Industry, ed by Wang LK, Hung 
Y, Lo HH and Yapijakis C. CRC Press, Taylor & Francis Group, USA, pp. 1 -28
(2006).
53. Sarkar B, Chakrabarti PP, Vijaykumar A and Kale V, Waste water treatment in 
dairy industries - possibility of reuse. Desalination 195:141-152 (2006).
125
54. S,engil 'IA and O" zacarM, Treatment of dairy waste waters by electrocoagulation 
using mild steel electrodes. J Hazard Mater B137:1197-1205 (2006).
55. B. Balannec, G. Gesan-Guiziou, B. Chaufer, M. Rabiller-Baudry and G. Daufin, 
Treatment of dairy process waters by membrane operations for water reuse and 
milk constituents concentration, Desalination, 147 (2002) 89-94.
56. M.F. Hamoda and S.M. Al-Awadi, Improvement of effluent quality for reuse in a 
dairy farm, Water Sci. Tech., 33(10-11) (1996) 79-85.
57. Passeggi M, Lopez I, Borzacconi L. Integrated anaerobic treatment of dairy 
industrial waste water and sludge. Water Sci Technol. 2009; 59.3:501-506.
58. Kosseva MR, Kent CA, Lloyd DR. Thermophilic bioremediation strategies for a 
dairy waste. Biochem Eng J. 2003; 15:125-130.
59. Janczukowicz, W., Zielinski, M., Debowski, M., 2008. Biodegradability evaluation 
of dairy effluents originated in selected sections of dairy production. Bioresour. 
Technol. 99, 4199-4205.
60. Britz TJ, Van Schalkwyk C and Hung Y, Treatment of dairy processing waste 
waters, in Waste Treatment in the Food Processing Industry, ed by Wang LK, Hung 
Y, Lo HH and Yapijakis C. CRC Press, Taylor & Francis Group, USA, pp. 1-28 
(2006).
61. Carta F, Alvarez P, Romero F and Pereda J, Aerobic purification of dairy waste 
water in continuous regime; reactor with support. Process Biochem 34:613-619 
(1999).
126
62. Schwarzenbeck N, Borges JM and Wilderer PA, Treatment of dairy effluents in an
aerobic granular sludge sequencing batch reactor. ApplMicrobiol Biotechnol
66:711-718 (2005).
63. F.Carta-Escobar, J. Pereda-Marin, P.A' lvarez-Mateos, F.Romero-Guzma'n, M.M.
Dur'an-Barrantes, F. Barriga-Mateos, Aerobic purification of dairy waste water in 
batch reactors: kinetic study of the influence of a pre-storage stage without aeration 
in the degradation of organic matter and ammonium consumption by nitrification, 
Process Biochem. 40 (2005) 549-556.
64. B. Arrojo, A. Mosquera-Corral, J.M. Garrido, R. Mendez, Aerobic granulation with 
industrial waste water in sequencing batch reactors, Water Res. 38 (2004) 3389­
3399.
65. X. Li, R. Zhang, Aerobic treatment of dairy waste water with sequencing batch 
reactor systems, Bioprocess Biosyst. Eng. 25 (2002) 103-109.
66. F. Carta-Escobar, J. Pereda-Marin, P. Alvarez-Mateos, F. Romero-Guzman, M.M.
Dur'an-Barrantes, F. Barriga-Mateos, Aerobic purification of dairy waste water in 
continuous regime Part I: Analysis of the biodegradation process in two reactor 
configurations, Biochem. Eng. J. 21 (2004) 183-191.
67. F. Carta-Escobar, J. Pereda-Marin, P. Alvarez-Mateos, F. Romero- Guzm'an, M.M. 
Duran Barrantes, Aerobic purification of dairy waste water in continuous regime. 
Part II: kinetic study of the organic matter removal in two reactor configurations, 
Biochem. Eng. J. 22 (2005) 117-124.
127
68. A.D. Cannon, K.R. Gray, A.J. Biddlestone, K. Thayanithy, Pilot-scale development
of a bioreactor for the treatment of dairy dirty water, J. Agric. Eng. Res. 77 (2000)
327-334.
69. Gavala HN, Kopsinis H, Skiadas IV, Stamatelatou K and Lyberatos G, Treatment 
of dairy waste water using an upflow anaerobic sludge blanket reactor. J Agric Eng
Res 73:59-63 (1999).
70. Li X and Zhang R, Aerobic treatment of dairy waste water with sequencing batch
reactor systems. Bioprocess Biosyst Eng 25:103-109 (2002).
71. H.N. Gavala, I.V. Skiadas, A.B. Nikolaos, G. Lyberatos, Anaerobic digestion of 
agricultural industries waste waters, Water Sci. Technol. 34 (1996) 67-75.
72. F. Omil, J.M. Garrido, B. Arrojo, R. Mendez, Anaerobic filter reactor performance 
for the treatment of complex dairy waste water at industrial scale, Water Res. 37 
(2003) 4099-4108.
73. A.C. Wilkie, H.F. Castro, K.R. Cubinski, J.M. Owens, S.C. Yan, Fixed film
anaerobic digestion of flushed dairy manure after primary treatment: waste water 
production and characterisation, Biosyst. Eng. 89 (4) (2004) 457-471.
74. E.V. Ramasamy, S. Gajalakshmi, R. Sanjeevi, M.N. Jithesh, S.A. Abbasi,
Feasibility studies on the treatment of dairywaste waters with upflowanaerobic 
sludge blanket reactors, Bioresour. Technol. 93 (2004) 209-212.
75. A. Haridas, S. Suresh, K.R. Chitra,V.B. Manilal, The buoyant filter bioreactor: a
high-rate anaerobic reactor for complexwaste water—process dynamics with dairy 
effluent, Water Res. 39 (2005) 993-1004.
128
76. R.D. Sooknah, A.C. Wilkie, Nutrient removal by floating aquatic macrophytes
cultured in anaerobically digested flushed dairy manure waste water, Ecol. Eng. 22
(2004)27-42.
77. Balannec B, Guiziou GG, Chaufer B, Baudry MR and Daufin G, Treatment of dairy
process waters by membrane operations for water reuse and milk constituent's 
concentration. Desalination 147:89-94 (2002).
78. Bae T, Han S and Tak T, Membrane sequencing batch reactor system for the
treatment of dairy industry waste water. Process Biochem 39:221-231 (2003).
79. Kern J and Idler C, Treatment of domestic and agricultural waste water by reed bed 
systems. Ecol Eng 12:13-25 (1999).
80. Lincoln EP, Wilkie AC and French BT, Cyanobacterial process for renovating dairy 
waste water. Biomass Bioenergy 10:63-68 (1996).
81. Monteiro AS, Bonfim MRQ, Domingues VS, Corr^ea A, Siqueira EP, Zani CL et
al, Identification and characterization of bioemulsifierproducing yeasts isolated 
from effluents of a dairy industry. Bioresource Technol 101:5186-5193 (2010).
82. B. Montuelle, J. Coillard, J.B. Lehy, A combined anaerobic-aerobic process for the 
co-treatment of effluents from a Piggery and a Cheese Factory, J. Agric. Eng. Res.
51 (1992) 91-100.
83. Yu.A. Feofanov, N.L. Litmanova, Mechanism of coagulation purification of waste 
water with aluminum oxochloride, Russ. J. Appl. Chem. 74 (2001) 344-346.
84. S, engil 'IA and O" zacarM, Treatment of dairy waste waters by electrocoagulation
using mild steel electrodes. J Hazard Mater B137:1197-1205 (2006).
129
85. Tchamango S,Nanseu-Njiki CP,Ngameni E, Hadjievi DandDarchen A, Treatment
of dairy effluents by electrocoagulation using aluminium electrodes. Sci Total
Environ 408:947-952 (2010).
86. Sengil AI, Ozacar M. Treatment of dairy waste waters by electrocoagulation using
mild steel electrodes. J Hazard Mater 2006; B137:1197-205.
87. Kobya M, Senturk E, Bayramoglu M, 2006b. Treatment of poultry slaughterhouse 
waste waters by electrocoagulation [J]. J Hazard Mater, 133(1-3): 172-176.
88. Adhoum N, Monser L, Bellakhal N and Belgaied JE, Treatment of electroplating 
waste water containing Cu2+, Zn2+ and Cr (VI) by electrocoagulation. J 
HazardMater B112:207-213 (2004).
89. Mollah MYA, Schennach R, Parga JR and Cocke DL, Electrocoagulation (EC) - 
science and applications. J HazardMater B84:29-41 (2001).
90. Qiang Z, Chang J and Huang C, Electrochemical regeneration of Fe2+ in Fenton 
oxidation processes. Water Res 37:1308-1319 (2003).
91. Daneshvar N, Oladegaragoze A, Djafarzadeh N, 2006. Decolonization of basic dye 
solutions by electrocoagulation: An investigation of the effect of operational 
parameters [J]. J Hazard Mater, 129(1-3): 116-122.
92. Zaroual Z, Azzi M, Saib N et al., 2006. Contribution to the study of 
electrocoagulation mechanism in basic textile effluent [J]. J Hazard Mater, 131(1- 
3): 73-78.
93. Daneshvar N, Ashassi-Sorkhabi H, Tizpar A, 2003. Decolorization of Orange II by 
electrocoagulation method [J]. Sep Purif Technol, 31(2): 153-162.
130
94. Daneshvar N, Sorkhabi H A, Kasiri M B, 2004. Decolorization of dye solution
containing Acid Red 14 by electrocoagulation with a comparative investigation of
different electrode connections [J]. J Hazard Mater, 112(1/2): 55-62.
95. M.Y.A. Mollah, R. Schennach, J.R. Parga, D.L. Cocke, Electrocoagulation (EC)— 
science and applications, J. Hazard. Mater. B84 (2001) 29-41.
96. G. Chen, Electrochemical technologies inwaste water treatment, Sep. Purif.
Technol. 38 (2004) 11-41.
97. O. Larue, E. Vorobiev, C. Vu, B. Durand, Electrocoagulation and coagulation by 
iron of latex particles in aqueous suspensions, Sep. Purif. Technol. 31 (2003) 177­
192.
98. M. Kobya, O.T. Can, M. Bayramoglu, Treatment of textile waste waters by 
electrocoagulation using iron and aluminum electrodes, J. Hazard. Mater. B100 
(2003) 163-178.
99. A.G. Vlyssides, C.J. Israilides, Detoxification of tannery wasteliquors with an 
electrolysis system, Environ. Pollut. 97 (1997) 147-152.
100. Matteson MJ, Dobson RL, Glenn RW, Kukunoor NS, Waits WH, Clayfield EJ. 
Electrocoagulation and separation of aqueous suspensions of ultra-particles. 
Colloids Surf A Physicochem Eng Aspects 1995; 104:101-9.
101. Kovatchva, V. K. and Parlapanski, M. D., (1999), Sono-electrocoagulation of iron 
hydroxides, Col. & Surf. 149, 603-608.
102. Kul'skii, L.A. Strokach, P.P. Slipchenko, V.A. and Saigak, E.I., (1978). Water
Purification by Electrocoagulation Kiev, Budivel'nik.
131
103. Chen G. Electrochemical technologies in waste water treatment. Sep Purif Technol
2004; 38: 11-41.
104. Vik, E. A., Carlson, D. A., Eikum, A.S., and Gjessing, E. T. (1984), 
Electrocoagulation of potable water. Wat. Res., 18, 1355-1360.
105. Li, F., Li, S. Zhang, C. and Zhao, H. (1995), Application of corrosive cell process
in treatment of printing and dyeing waste water, Chem. Eng. Environ. Protec., 15,
157-161.
106. Qiu, M. (1988), Water Purification by Electrocoagulation, Chinese Translation
from Russian of the book by L.A. Kul'skii, P.P. Strokach, V.A. Slipchenko, and 
E.I. Saigak, Kiev, Budivel'nik, 1978. Shanghai Jiaotong University Press.
107. Pazenko, T.Ya., Khalturina, T.I., Kolova, A.F., & Rubailo, I.S. (1985). 
Electrocoagulation treatment of oil-containing waste waters. J. Appl. USSR, 58,
2383-2387.
108. Wong, H. M., Shang, C., Cheung, Y. K. and Chen, G., (2002), Chloride Assisted
Electrochemical Disinfection, the Eighth Mainland-Taiwan Environmental 
Protection Conference, Tsin Chu, Taiwan.
109. Scott, K. (1995), Electrochemical Processes for Clean Technology, the Royal
Society of Chemistry, London.
110. Ryan, P.E., Stanczyk, T.F. and Parekh, B.K., (1989), Solid/liquid separation using 
alternating current electrocoagulation, 1989 International Symposium on 
Solid/Liquid Separation: Waste Management and Productivity Enhancement, 469­
478.
132
111. Shen, F., Gao, P., Chen, X. and Chen, G., (2003), Electrochemical removal of
fluoride ions from industrial waste water, Chem. Eng. Sci., 58, 987-993.
112. Matveevich, V.A., (2000), electrochemical methods of natural and waste water
purifying, Elektronnaya Obrabotka Materialov, 5, 1030114.
113. Lin, S.H., and Peng, C.F., (1994), Treatment of textile waste-water by
electrochemical method, Wat. Res., 28(2), 277-282.
114. Lin, S.H., & Peng, C.F. (1996). Continuous treatment of textile waste water by 
combined coagulation, electrochemical oxidation and activated sludge. Wat. Res.,
30, 587-592.
115. Lin, S.H. and Chen, M.L., (1997), Treatment of textile waste-water by chemical 
methods for reuse, Wat. Res., 31(4), 868-876.
116. Chen X, Chen G, Yue PL. Separation of pollutants from restaurant waste water by 
electrocoagulation. Sep Purif Technol 2000; 19:65-76.
117. Renk, R. R. (1988), Electrocoagulation of tar sand and oil shale waste waters. 
Energy Progress, 8, 205-208.
118. Demmin, T.R., and Uhrich, K.D. (1988). Improving carpet waste water treatment. 
American Dyestuff Reports, 77, 13-18, 32.
119. Pouet, M.F., & Grasmick, A (1995), urban waste water treatment by 
electrocoagulation and flotation. Wat. Sci. & Technol., 31, 275-283.
120. Lin, S. H. and Lin, C. S. (1998). Reclamation of waste water effluent from a 
chemical fiber plant, Desalination, 120, 185-195.
133
121. Sleptsov, G.V., Gladkii, A.I., Sokol, E. Ya., and Novikova, S.P., (1987),
Electrocoagulation treatment of oil emulsion waste waters of industrial enterprises,
Elektronnaya Obrabotka Materialov, 6, 69-72.
122. Ogutveren U.B. and Koparal S., (1997), Electrocoagulation for oil-water emulsion
treatment, J. Environ. Sci. Health, A, 32(9-10) 2507-2520.
123. Matteson MJ, Dobson RL, Glenn RW, Kukunoor NS, Waits WH, Clayfield EJ.
Electrocoagulation and separation of aqueous suspensions of ultra-particles.
Colloids Surf A Physicochem Eng Aspects 1995; 104:101-9.
124. Chen G. Electrochemical technologies in waste water treatment. Sep Purif 
Technol 2004; 38: 11-41.
125. Bayat O, Kilic O, Bayat B, Anil M, Akarsu H, Poole C. Electrokinetic dewatering 
of Turkish glass sand plant tailings. Water Res 2006; 40:61-6.
126. Hu CY, Lo SL, Kuan WH, Leu YD. Removal of fluoride semiconductor waste 
water b electrocoagulation-flotation. Water Res 2005; 39:895-901.
127. Yilmaz A E, Boncukcuoglu R, Kocakerim MM, Keskinler B. The investigation of 
parameters affecting boron removal by electrocoagulation method. J Hazard Mater 
2005; 125:160-5.
128. Modirshahla N, Behnajady MA, Kooshaiian S. Investigation of the effect of 
different electrode connections on the removal efficiency of tartrazine from 
aqueous solutions by electrocoagulation. Dyes Pigm 2007; 74:249-57.
129. 83. Butler E., Hung Y.-T., Yeh R.-L., and Al Ahmad Suleiman M. (2011).
"Electrocoagulation in Waste water Treatment.”Water, 3(2), 495-525.
134
130. R. Stephenson, B. Tennant, New electrocoagulation process treats emulsified oily 
waste water at Vancouver Shipyards, Environmental Science & Engineering 
Magazine World Wide Web site, www.esemag.com, January 2003.
131. 86. I.A. S, engil, M. O" zacar, B. O" mu''rlu'', Decolorization of C.I. reactive red 
124 using the electrocoagulation method, Chem. Biochem. Eng. Q 18 (2004) 273­
277.
132. N. Daneshvar, H. Ashassi Sorkhabi, M.B. Kasiri, Decolorization of dye solution 
containing Acid Red 14 by electrocoagulation with a comparative investigation of 
different electrode connections, J. Hazard. Mater. B112 (2004) 55-62.
133. C. Barrera-Diaz, F. Urena-Nunez, E. Campos, M. Palomar-Pardave, M. Romero- 
Romo, A combined electrochemical-irradiation treatment of highly colored and 
polluted industrial waste water, Radiat. Phys. Chem. 67 (2003) 657-663.
134. L. Szpyrkowicz, C. Juzzolino, S.N. Kaul,AComparative study on oxidation of 
disperse dyes by electrochemical process, ozone, hypochlorite and fenton reagent, 
Water Res. 35 (2001) 2129-2136.
135. M. Kobya, O.T. Can, M. Bayramoglu, Treatment of textile waste waters by 
electrocoagulation using iron and aluminum electrodes, J. Hazard. Mater. B100 
(2003) 163-178.
136. N. Adhoum, L. Monser, N. Bellakhal, J.E. Belgaied, Treatment of electroplating 
waste water containing Cu2+, Zn2+ and Cr(VI) by electrocoagulation, J. Hazard. 
Mater. B112 (2004) 207-213.
135
137. C.L. Lai, S.H. Lin, Treatment of chemical mechanical polishing waste water by
electrocoagulation: system performances and sludge settling characteristics, 
Chemosphere 54 (2004) 235-242.
138. N. Balasubramanian, K. Madhavan, Arsenic removal from industrial effluent
through electrocoagulation, Chem. Eng. Technol. 24 (2001) 519- 521.
139. F. Shen, X. Chen, P. Gao, G. Chen, Electrochemical removal fluoride ions from
industrial waste water, Chem. Eng. Sci. 58 (2003) 987- 993.
140. C.Y. Hu, S.L. Lo,W.H.Kuan,Y.D. Lee, Removal of fluoride from semiconductor 
waste water by electrocoagulation-flotation, Water Res. 39 (2005) 895-901.
141. E. Brillas, B. Boye, M.A. Banos, J.C. Calpe, J.A. Garrido, Electrochemical 
degradation of chlorophenoxy and chlorobenzoic herbicides in acidic aqueous 
medium by the peroxi-coagulation method, Chemosphere 51 (2003) 227-235.
142. E. Brillas, J. Casado, Aniline degradation by electro-fenton and peroxicoagulation 
processes using a flow reactor for waste water treatment, Chemosphere 47 (2002) 
241-248.
143. L. Szpyrkowicz, C. Juzzolino, S. Daniele, M. Dante De Faveri, Electrochemical 
destruction of thiourea dioxide in an undivided parallel plate electrodes batch 
reactor, Catal. Today 66 (2001) 519-527.
144. M. Panizza, G. Cerisola, Removal of organic pollutants from industrial waste 
water by electrogenerated Fenton's reagent,Water Res. 35 (16) (2001) 3987­
3992.
136
145. P. Gao, X. Chen, F. Shen, G. Chen,Removal of chromium(VI) fromwaste water
by combined electrocoagulation-electroflotation without a filter, Sep. Purif.
Technol. 43 (2) (2005) 117-123.
146. S.A. Martínez, M.G. Rodríguez, C. Barrera, A kinetic model that describes 
removal of chromium VI from rinsingwaters of the metal finishing industry by
electrochemical processes, Water Sci. Technol. 42 (2000) 55-61.
147. W. Den, C. Huang, Electrocoagulation for removal of silica nano-particles from 
chemical- mechanical-planarization waste water, colloids and surfaces A, 
Physicochem. Eng. Aspects 254 (2005) 81-89.
148. M.J. Matteson, R.L. Dobson, R.W. Glenn Jr., N.S. Kukunoor, W.H. Waits III, E.J. 
Clayfield, Electrocoagulation and separation of aqueous suspensions of ultrafine 
particles, Colloids and Surfaces A, Physicochem. Eng. Aspects 104 (1995) 101­
109.
149. Hu CY, Lo SL, Kuan WH, Leu YD. Removal of fluoride semiconductor waste 
water b electrocoagulation-flotation. Water Res 2005; 39:895-901.
150. N. Adhoum, L. Monser, Decolourization and removal of phenolic compounds 
from olive mill waste water by electrocoagulation, Chem. Eng. Process. 43 (2004)
1281-1287.
151. E.A. Vik, D.A. Carlson, A.S. Eikum, E.T. Gjessing, Electrocoagulation of potable 
water, Water Res. 18 (1984) 1355-1360.
152. N. Bektas, H. Akbulut, H. Inan, A. Dimoglo, Removal of phosphate from aqueous 
solutions by electro-coagulation, J. Hazard. Mater. 106B (2004) 101-105.
137
153. N.Bektas,, S.O ncel, H.Y.Akbulut, A.Dimoglo. Removal of phosphate from 
aqueous solutions by electro-coagulation, Environ. Chem. Lett. 2 (2004) 51-54.
154. A. Dimoglo, H.Y. Akbulut, F. Cihan, M. Karpuzcu, Petrochemical waste water 
treatment by means of clean electrochemical technologies, clean echnol. Environ. 
Policy 6 (2004) 288-295.
155. Adhoum N, Monser L, Bellakhal N et al., 2004. Treatment of electroplating waste 
water containing Cu2+, Zn2+ and Cr (VI).
156. Khelifa A, Moulay S, Naceur A W, 2005. Treatment of metal finishing effluents by 
the electroflotation technique [J]. Desalination, 181(1-3): 27-33.
157. P. Ca~nizares, M. Carmona, J. Lobato, F. Martínez, M.A. Rodrigo,
Electrodissolution of aluminum electrodes in electrocoagulation processes, Ind. 
Eng. Chem. Res. 44 (2005) 4178-4185.
158. Britz TJ, Van Schalkwyk C and Hung Y, Treatment of dairy processing waste 
waters, in Waste Treatment in the Food Processing Industry, ed by Wang LK, Hung 
Y, Lo HH and Yapijakis C. CRC Press, Taylor & Francis Group, USA, pp. 1-28 
(2006).
159. Sarkar B, Chakrabarti PP, Vijaykumar A and Kale V, Waste watertreatment in dairy 
industries - possibility of reuse. Desalination195:141-152 (2006).
160. S,engil 'IA and O" zacarM, Treatment of dairy waste waters by electrocoagulation 
using mild steel electrodes. J Hazard Mater B137:1197-1205 (2006).
161. Tchamango S,Nanseu-Njiki CP,Ngameni E, Hadjievi D and Darchen A,Treatment 
of dairy effluents by electrocoagulation using aluminium electrodes. Sci Total 
Environ 408:947-952 (2010).
138
162. Adhoum N, Monser L, Bellakhal N and Belgaied JE, Treatment of electroplating
waste water containing Cu2+, Zn2+ and Cr (VI) by electrocoagulation. J
HazardMater B112:207-213 (2004).
163. Jean Nepo Hakizimana. Noura Najid, Bouchaib Gourich, ChristopheVialYoussef
Stiriba Jamal Naja. Hybrid electrocoagulation/electroflotation/electrodisinfection
process as a pretreatment for seawater desalination. Chemical Engineering Science,
volume 170, 12 October 2017, Pages 530-541.
164. C.Jiménez, C.Sáez, P.Cañizares and M.A.Rodrigo. Optimization of a combined 
electrocoagulation-electroflotation reactor. Environmental Science and Pollution 
Research May 2016, Volume 23, Issue 10, pp 9700-9711.
165. http://en.wikipedia.org/wiki/Minitab.
139
APPENDIX
140
Appendix A
Tables mentioned in entire study.
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Table 2 pH vs. time: Milk waste water concentration (150 mg/l), current density 0.5
ampere, and three different coagulant dosages of (50 mg/l).
Milk
strength
mg/l
Types of 
coagulant 
mg/l
Dosage of 
coagulant 
mg/l
Current
Density(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 0.5 0 24.8 8.5
150 none 0 0.5 5 29 8.7
150 none 0 0.5 10 34 8.9
150 none 0 0.5 20 38 9.5
150 none 0 0.5 30 42 10.1
150 Al2(S04)3 50 0.5 0 24.8 8.5
150 Al2(S04)3 50 0.5 5 33 8.9
150 Al2(S04)3 50 0.5 10 41 9.3
150 Al2(S04)3 50 0.5 20 47 9.8
150 Al2(S04)3 50 0.5 30 58 10.3
150 FeCl3 50 0.5 0 24.8 8.5
150 FeCl3 50 0.5 5 30 8.9
150 FeC3 50 0.5 10 38 9.2
150 FeCl3 50 0.5 20 44 9.6
150 FeCl3 50 0.5 30 51 9.8
150 Fe(SO4)3 50 0.5 0 24.8 8.5
150 Fe(SO4)3 50 0.5 5 31 8.8
150 Fe(SO4)3 50 0.5 10 34 9.2
150 Fe(SO4)3 50 0.5 20 45 9.5
150 Fe(SO4)3 50 0.5 30 54 9.9
142
Table 3 pH vs. Time: Milk waste water concentration (150 mg/l), current density 1 ampere,
and three different coagulant dosages of (50 mg/l).
Milk
strength
mg/l
Types of 
coagulant 
mg/l
Dosage of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 1 0 24.8 8.4
150 none 0 1 5 30 8.6
150 none 0 1 10 36 9.1
150 none 0 1 20 41 9.4
150 none 0 1 30 45 9.7
150 Al2(S04)3 50 1 0 24.8 8.5
150 Al2(S04)3 50 1 5 34 8.8
150 Al2(S04)3 50 1 10 43 9.5
150 Al2(S04)3 50 1 20 53 10.3
150 Al2(S04)3 50 1 30 61 10.6
150 FeCl3 50 1 0 24.8 8.5
150 FeCl3 50 1 5 32 8.7
150 FeCl3 50 1 10 36 8.9
150 FeCl3 50 1 20 49 9.6
150 FeCl3 50 1 30 62 10.1
150 Fe(SO4)3 50 1 0 24.8 8.4
150 Fe(SO4)3 50 1 5 33 8.9
150 Fe(SO4)3 50 1 10 39 9.4
150 Fe(SO4)3 50 1 20 49 9.9
150 Fe(SO4)3 50 1 30 63 10.2
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Table 4 pH vs. time: Milk waste water concentration (150 mg/l), current density 1.5
ampere, and three different coagulant dosages of (50 mg/l).
Milk
strength
mg/l
Types of 
coagulant 
mg/l
Dosage of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 1.5 0 24.8 8.5
150 none 0 1.5 5 30 8.7
150 none 0 1.5 10 36 9.1
150 none 0 1.5 20 41 9.5
150 none 0 1.5 30 45 9.8
150 Al2(S04)3 50 1.5 0 24.8 8.5
150 Al2(S04)3 50 1.5 5 34 8.9
150 Al2(S04)3 50 1.5 10 43 9.7
150 Al2(S04)3 50 1.5 20 53 10.1
150 Al2(S04)3 50 1.5 30 61 10.7
150 FeCl3 50 1.5 0 24.8 8.5
150 FeCl3 50 1.5 5 32 8.9
150 FeCl3 50 1.5 10 36 9.6
150 FeCl3 50 1.5 20 49 10.1
150 FeCl3 50 1.5 30 62 10.3
150 Fe(SO4)3 50 1.5 0 24.8 8.5
150 Fe(SO4)3 50 1.5 5 33 8.8
150 Fe(SO4)3 50 1.5 10 39 9.2
150 Fe(SO4)3 50 1.5 20 49 9.9
150 Fe(SO4)3 50 1.5 30 63 10.5
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Table 5 pH vs. time: Milk waste water concentration (150 mg/l), current density 1.5
ampere, and three different coagulant dosages of (100 mg/l).
Milk strength 
mg/l
Types of 
coagulant 
mg/l
Dosage of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 0.5 0 24.8 8.4
150 none 0 0.5 5 29 8.7
150 none 0 0.5 10 34 9.3
150 none 0 0.5 20 38 9.5
150 none 0 0.5 30 42 9.8
150 Al2(S04)3 100 0.5 0 24.8 8.5
150 Al2(S04)3 100 0.5 5 33 9.2
150 Al2(S04)3 100 0.5 10 41 9.8
150 Al2(S04)3 100 0.5 20 47 10.4
150 Al2(S04)3 100 0.5 30 58 11.1
150 FeCl3 100 0.5 0 24.8 8.5
150 FeCl3 100 0.5 5 30 8.9
150 FeCl3 100 0.5 10 38 9.8
150 FeCl3 100 0.5 20 44 10.5
150 FeCl3 100 0.5 30 51 11
150 Fe(SO4)3 100 0.5 0 24.8 8.4
150 Fe(SO4)3 100 0.5 5 31 8.9
150 Fe(SO4)3 100 0.5 10 34 9.8
150 Fe(SO4)3 100 0.5 20 45 10.7
150 Fe(SO4)3 100 0.5 30 54 11.1
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Table 6 pH vs. time: Milk waste water concentration (150 mg/l), current density 1 ampere,
and three different coagulant dosages of (100 mg/l).
Milk
strength
mg/l
Types of 
coagulant mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 1 0 24.8 8.5
150 none 0 1 5 30 8.7
150 none 0 1 10 36 9.4
150 none 0 1 20 41 9.6
150 none 0 1 30 45 9.9
150 Al2(S04)3 100 1 0 24.8 8.5
150 Al2(S04)3 100 1 5 34 9
150 Al2(S04)3 100 1 10 43 9.7
150 Al2(S04)3 100 1 20 53 10.8
150 Al2(S04)3 100 1 30 61 11.3
150 FeCl3 100 1 0 24.8 8.5
150 FeCl3 100 1 5 32 9.1
150 FeCl3 100 1 10 36 9.9
150 FeCl3 100 1 20 49 10.8
150 FeCl3 100 1 30 62 11.2
150 Fe(SO4)3 100 1 0 24.8 8.5
150 Fe(SO4)3 100 1 5 33 9.3
150 Fe(SO4)3 100 1 10 39 10.2
150 Fe(SO4)3 100 1 20 49 10.9
150 Fe(SO4)3 100 1 30 63 11.2
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Table 7 pH vs. time: Milk waste water concentration (150 mg/l), current density 1.5
ampere, and three different coagulant dosages of (100 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 1.5 0 24.8 8.5
150 none 0 1.5 5 30 8.7
150 none 0 1.5 10 36 9.2
150 none 0 1.5 20 41 9.5
150 none 0 1.5 30 45 9.8
150 Al2(S04)3 100 1.5 0 24.8 8.5
150 Al2(S04)3 100 1.5 5 34 9.2
150 Al2(S04)3 100 1.5 10 43 10.1
150 Al2(S04)3 100 1.5 20 53 11.1
150 Al2(S04)3 100 1.5 30 61 11.5
150 FeCl3 100 1.5 0 24.8 8.5
150 FeCl3 100 1.5 5 32 9.2
150 FeCl3 100 1.5 10 36 10.4
150 FeCl3 100 1.5 20 49 10.9
150 FeCl3 100 1.5 30 62 11.3
150 Fe(SO4)3 100 1.5 0 24.8 8.5
150 Fe(SO4)3 100 1.5 5 33 9.3
150 Fe(SO4)3 100 1.5 10 39 10.1
150 Fe(SO4)3 100 1.5 20 49 10.9
150 Fe(SO4)3 100 1.5 30 63 11.4
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Table 8 pH vs. time: Milk waste water concentration (150 mg/l), current density 0.5
ampere, and three different coagulant dosages of (150 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 0.5 0 24.8 8.5
150 none 0 0.5 5 29 8.7
150 none 0 0.5 10 34 9.1
150 none 0 0.5 20 38 9.6
150 none 0 0.5 30 42 9.8
150 Al2(S04)3 150 0.5 0 24.8 8.4
150 Al2(S04)3 150 0.5 5 33 9.3
150 Al2(S04)3 150 0.5 10 41 10.4
150 Al2(S04)3 150 0.5 20 47 11.3
150 Al2(S04)3 150 0.5 30 58 11.6
150 FeCl3 150 0.5 0 24.8 8.5
150 FeCl3 150 0.5 5 30 9.3
150 FeCl3 150 0.5 10 38 10.4
150 FeCl3 150 0.5 20 44 11.1
150 FeCl3 150 0.5 30 51 11.6
150 Fe(SO4)3 150 0.5 0 24.8 8.5
150 Fe(SO4)3 150 0.5 5 31 9.5
150 Fe(SO4)3 150 0.5 10 34 10.5
150 Fe(SO4)3 150 0.5 20 45 11.1
150 Fe(SO4)3 150 0.5 30 54 11.7
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Table 9 pH vs. time: Milk waste water concentration (150 mg/l), current density 1 ampere,
and three different coagulant dosages of (150 mg/l)
Milk strength 
mg/l
Types of 
coagulant 
mg/l
Dosage of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 1 0 24.8 8.5
150 none 0 1 5 30 8.8
150 none o 1 10 36 9.1
150 none 0 1 20 41 9.4
150 none 0 1 30 45 9.7
150 Al2(S04)3 150 1 0 24.8 8.5
150 Al2(S04)3 150 1 5 34 9.3
150 Al2(S04)3 150 1 10 43 10.4
150 Al2(S04)3 150 1 20 53 11.2
150 Al2(S04)3 150 1 30 61 11.7
150 FeCl3 150 1 0 24.8 8.5
150 FeCl3 150 1 5 32 9.3
150 FeCl3 150 1 10 36 10.4
150 FeCl3 150 1 20 49 10.9
150 FeCl3 150 1 30 62 11.4
150 Fe(SO4)3 150 1 0 24.8 8.5
150 Fe(SO4)3 150 1 5 33 9.4
150 Fe(SO4)3 150 1 10 39 10.4
150 Fe(SO4)3 150 1 20 49 11.4
150 Fe(SO4)3 150 1 30 63 11.8
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Table 10 pH vs. time: Milk waste water concentration (150 mg/l), current density 1.5
ampere, and three different coagulant dosages of (150 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
150 none 0 1.5 0 24.8 8.5
150 none 0 1.5 5 30 8.8
150 none 0 1.5 10 36 9.2
150 none 0 1.5 20 41 9.3
150 none 0 1.5 30 45 9.7
150 Al2(S04)3 150 1.5 0 24.8 8.5
150 Al2(S04)3 150 1.5 5 34 9.4
150 Al2(S04)3 150 1.5 10 43 10.7
150 Al2(S04)3 150 1.5 20 53 11.4
150 Al2(S04)3 150 1.5 30 61 11.8
150 FeCl3 150 1.5 0 24.8 8.5
150 FeCl3 150 1.5 5 32 9.4
150 FeCl3 150 1.5 10 36 10.9
150 FeCl3 150 1.5 20 49 11.2
150 FeCl3 150 1.5 30 62 11.5
150 Fe(SO4)3 150 1.5 0 24.8 8.5
150 Fe(SO4)3 150 1.5 5 33 9.5
150 Fe(SO4)3 150 1.5 10 39 10.3
150 Fe(SO4)3 150 1.5 20 49 11
150 Fe(SO4)3 150 1.5 30 63 11.5
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Table 11 pH vs. time: Milk waste water concentration (575 mg/l), current density 0.5
ampere, and three different coagulant dosages of (50 mg/l)
Milk
strength
mg/l
Types of 
coagulant
mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
575 none 0 0.5 0 24.8 8.5
575 none 0 0.5 5 29 8.7
575 none 0 0.5 10 33 8.9
575 none 0 0.5 20 40 9.5
575 none 0 0.5 30 45 10.1
575 Al2(S04)3 0 0.5 0 24.8 8.5
575 Al2(S04)3 50 0.5 5 31 8.9
575 Al2(S04)3 50 0.5 10 33 9.3
575 Al2(S04)3 50 0.5 20 45 9.8
575 Al2(S04)3 50 0.5 30 54 10.3
575 FeCl3 50 0.5 0 24.8 8.5
575 FeCl3 50 0.5 5 31 8.9
575 FeCl3 50 0.5 10 33 9.2
575 FeCl3 50 0.5 20 39 9.6
575 FeCl3 50 0.5 30 51 9.8
575 Fe(SO4)3 50 0.5 0 24.8 8.5
575 Fe(SO4)3 50 0.5 5 30 8.8
575 Fe(SO4)3 50 0.5 10 37 9.2
575 Fe(SO4)3 50 0.5 20 42 9.5
575 Fe(SO4)3 50 0.5 30 50 9.9
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Table 12 pH vs. time: Milk waste water concentration (575 mg/l), current density 1 ampere,
and three different coagulant dosages of (50 mg/l).
Milk
strength
mg/l
Types of 
coagulant mg/l
Dosage of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
575 none 0 1 0 24.8 8.4
575 none 0 1 5 29 8.6
575 none 0 1 10 33 9.1
575 none 0 1 20 40 9.4
575 none 0 1 30 45 9.7
575 Al2(S04)3 50 1 0 24.8 8.5
575 Al2(S04)3 50 1 5 31 8.8
575 Al2(S04)3 50 1 10 33 9.5
575 Al2(S04)3 50 1 20 45 10.3
575 Al2(S04)3 50 1 30 54 10.6
575 FeCl3 50 1 0 24.8 8.5
575 FeCl3 50 1 5 31 8.7
575 FeCl3 50 1 10 33 8.9
575 FeCl3 50 1 20 39 9.6
575 FeCl3 50 1 30 51 10.1
575 Fe(SO4)3 50 1 0 24.8 8.4
575 Fe(SO4)3 50 1 5 30 8.9
575 Fe(SO4)3 50 1 10 37 9.4
575 Fe(SO4)3 50 1 20 42 9.9
575 Fe(SO4)3 50 1 30 50 10.2
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Table 13 pH vs. time: Milk waste water concentration (575 mg/l), current density 1.5
ampere, and three different coagulant dosages of (50 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
575 none 0 1.5 0 24.8 8.5
575 none 0 1.5 5 29 8.7
575 none 0 1.5 10 33 9.1
575 none 0 1.5 20 40 9.5
575 none 0 1.5 30 45 9.8
575 Al2(S04)3 50 1.5 0 24.8 8.5
575 Al2(S04)3 50 1.5 5 31 8.9
575 Al2(S04)3 50 1.5 10 33 9.7
575 Al2(S04)3 50 1.5 20 45 10.1
575 Al2(S04)3 50 1.5 30 54 10.7
575 FeCl3 50 1.5 0 24.8 8.5
575 FeCl3 50 1.5 5 31 8.9
575 FeCl3 50 1.5 10 33 9.6
575 FeCl3 50 1.5 20 39 10.1
575 FeCl3 50 1.5 30 51 10.3
575 Fe(SO4)3 50 1.5 0 24.8 8.5
575 Fe(SO4)3 50 1.5 5 30 8.8
575 Fe(SO4)3 50 1.5 10 37 9.2
575 Fe(SO4)3 50 1.5 20 42 9.9
575 Fe(SO4)3 50 1.5 30 50 10.5
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Table 14 pH vs. time: Milk waste water concentration (575 mg/l), current density 0.5
ampere, and three different coagulant dosages of (100 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
575 none 0 0.5 0 24.8 8.4
575 none 0 0.5 5 29 8.7
575 none 0 0.5 10 33 9.3
575 none 0 0.5 20 40 9.5
575 none 0 0.5 30 45 9.8
575 Al2(S04)3 0 0.5 0 24.8 8.5
575 Al2(S04)3 100 0.5 5 31 9.2
575 Al2(S04)3 100 0.5 10 33 9.8
575 Al2(S04)3 100 0.5 20 45 10.4
575 Al2(S04)3 100 0.5 30 54 11.1
575 FeCl3 100 0.5 0 24.8 8.5
575 FeCl3 100 0.5 5 31 8.9
575 FeCl3 100 0.5 10 33 9.8
575 FeCl3 100 0.5 20 39 10.5
575 FeCl3 100 0.5 30 51 11
575 Fe(SO4)3 100 0.5 0 24.8 8.4
575 Fe(SO4)3 100 0.5 5 30 8.9
575 Fe(SO4)3 100 0.5 10 37 9.8
575 Fe(SO4)3 100 0.5 20 42 10.7
575 Fe(SO4)3 100 0.5 30 50 11.1
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Table 15 pH vs. time: Milk waste water concentration (575 mg/l), current density 1 ampere,
and three different coagulant dosages of (100 mg/l).
Milk
strength
mg/l
Types of 
coagulant 
mg/l
Dosage of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0)
575 none 0 1 0 24.8
575 none 0 1 5 29
575 none 0 1 10 33
575 none 0 1 20 40
575 none 0 1 30 45
575 Al2(S04)3 100 1 0 24.8
575 Al2(S04)3 100 1 5 31
575 Al2(S04)3 100 1 10 33
575 Al2(S04)3 100 1 20 45
575 Al2(S04)3 100 1 30 54
575 FeCl3 100 1 0 24.8
575 FeCl3 100 1 5 31
575 FeCl3 100 1 10 33
575 FeCl3 100 1 20 39
575 FeCl3 100 1 30 51
575 Fe(SO4)3 100 1 0 24.8
575 Fe(SO4)3 100 1 5 30
575 Fe(SO4)3 100 1 10 37
575 Fe(SO4)3 100 1 20 42
575 Fe(SO4)3 100 1 30 50
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Table 16 pH vs. time: Milk waste water concentration (575 mg/l), current density 1.5
ampere, and three different coagulant dosages of (100 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
575 none 0 1.5 0 24.8 8.5
575 none 0 1.5 5 29 8.7
575 none 0 1.5 10 33 9.2
575 none 0 1.5 20 40 9.5
575 none 0 1.5 30 45 9.8
575 Al2(S04)3 100 1.5 0 24.8 8.5
575 Al2(S04)3 100 1.5 5 31 9.2
575 Al2(S04)3 100 1.5 10 33 10.1
575 Al2(S04)3 100 1.5 20 45 11.1
575 Al2(S04)3 100 1.5 30 54 11.5
575 FeCl3 100 1.5 0 24.8 8.5
575 FeCl3 100 1.5 5 31 9.2
575 FeCl3 100 1.5 10 33 10.4
575 FeCl3 100 1.5 20 39 10.9
575 FeCl3 100 1.5 30 51 11.3
575 Fe(SO4)3 100 1.5 0 24.8 8.5
575 Fe(SO4)3 100 1.5 5 30 9.3
575 Fe(SO4)3 100 1.5 10 37 10.1
575 Fe(SO4)3 100 1.5 20 42 10.9
575 Fe(SO4)3 100 1.5 30 50 11.4
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Table 17 pH vs. time: Milk waste water concentration (575 mg/l), current density 0.5
ampere, and three different coagulant dosages of (150 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
575 none 0 0.5 0 24.8 8.5
575 none 0 0.5 5 29 8.7
575 none 0 0.5 10 33 9.1
575 none 0 0.5 20 40 9.6
575 none 0 0.5 30 45 9.8
575 Al2(S04)3 150 0.5 0 24.8 8.4
575 Al2(S04)3 150 0.5 5 31 9.3
575 Al2(S04)3 150 0.5 10 33 10.4
575 Al2(S04)3 150 0.5 20 45 11.3
575 Al2(S04)3 150 0.5 30 54 11.6
575 FeCl3 150 0.5 0 24.8 8.5
575 FeCl3 150 0.5 5 31 9.3
575 FeCl3 150 0.5 10 33 10.4
575 FeCl3 150 0.5 20 39 11.1
575 FeCl3 150 0.5 30 51 11.6
575 Fe(SO4)3 150 0.5 0 24.8 8.5
575 Fe(SO4)3 150 0.5 5 30 9.5
575 Fe(SO4)3 150 0.5 10 37 10.5
575 Fe(SO4)3 150 0.5 20 42 11.1
575 Fe(SO4)3 150 0.5 30 50 11.7
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Table 18 pH vs. time: Milk waste water concentration (575 mg/l), current density 1
ampere, and three different coagulant dosages of (150 mg/l).
Milk strength 
mg/l
Types of
coagulant
mg/l
Dosage of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
575 none 0 1 0 24.8 8.5
575 none 0 1 5 29 8.8
575 none 0 1 10 33 9.1
575 none 0 1 20 40 9.4
575 none 0 1 30 45 9.7
575 Al2(S04)3 150 1 0 24.8 8.5
575 Al2(S04)3 150 1 5 31 9.3
575 Al2(S04)3 150 1 10 33 10.4
575 Al2(S04)3 150 1 20 45 11.2
575 Al2(S04)3 150 1 30 54 11.7
575 FeCl3 150 1 0 24.8 8.5
575 FeCl3 150 1 5 31 9.3
575 FeCl3 150 1 10 33 10.4
575 FeCl3 150 1 20 39 10.9
575 FeCl3 150 1 30 51 11.4
575 Fe(SO4)3 150 1 0 24.8 8.5
575 Fe(SO4)3 150 1 5 30 9.4
575 Fe(SO4)3 150 1 10 37 10.4
575 Fe(SO4)3 150 1 20 42 11.4
575 Fe(SO4)3 150 1 30 50 11.8
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Table 19 pH vs. time: Milk waste water concentration (575 mg/l), current density 1.5
ampere, and three different coagulant dosages of (150 mg/l).
Milk
strength
mg/l
Types of
coagulant mg/l
Dosage of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
575 none 0 1.5 0 24.8 8.5
575 none 0 1.5 5 29 8.8
575 none 0 1.5 10 33 9.2
575 none 0 1.5 20 40 9.3
575 none 0 1.5 30 45 9.7
575 Al2(S04)3 150 1.5 0 24.8 8.5
575 Al2(S04)3 150 1.5 5 31 9.4
575 Al2(S04)3 150 1.5 10 33 10.7
575 Al2(S04)3 150 1.5 20 45 11.4
575 Al2(S04)3 150 1.5 30 54 11.8
575 FeCl3 150 1.5 0 24.8 8.5
575 FeCl3 150 1.5 5 31 9.4
575 FeCl3 150 1.5 10 33 10.9
575 FeCl3 150 1.5 20 39 11.2
575 FeCl3 150 1.5 30 51 11.5
575 Fe(SO4)3 150 1.5 0 24.8 8.5
575 Fe(SO4)3 150 1.5 5 30 9.5
575 Fe(SO4)3 150 1.5 10 37 10.3
575 Fe(SO4)3 150 1.5 20 42 11
575 Fe(SO4)3 150 1.5 30 50 11.5
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Table 20 pH vs. time: Milk waste water concentration (1000 mg/l), current density 0.5
ampere, and three different coagulant dosages of (50 mg/l).
Milk strength 
mg/l
Types of 
coagulant mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 0.5 0 24.8 8.5
1000 none 0 0.5 5 31 8.7
1000 none 0 0.5 10 39 8.9
1000 none 0 0.5 20 44 9.5
1000 none 0 0.5 30 51 10.1
1000 Al2(S04)3 50 0.5 0 24.8 8.5
1000 Al2(S04)3 50 0.5 5 35 8.9
1000 Al2(S04)3 50 0.5 10 41 9.3
1000 Al2(S04)3 50 0.5 20 51 9.8
1000 Al2(S04)3 50 0.5 30 65 10.3
1000 FeCl3 50 0.5 0 24.8 8.5
1000 FeCl3 50 0.5 5 35 8.9
1000 FeCl3 50 0.5 10 43 9.2
1000 FeCl3 50 0.5 20 49 9.6
1000 FeCl3 50 0.5 30 61 9.8
1000 Fe(SO4)3 50 0.5 0 24.8 8.5
1000 Fe(SO4)3 50 0.5 5 36 8.8
1000 Fe(SO4)3 50 0.5 10 42 9.2
1000 Fe(SO4)3 50 0.5 20 53 9.5
1000 Fe(SO4)3 50 0.5 30 62 9.9
160
Table 21 pH vs. time: Milk waste water concentration (1000 mg/l), current density 1
ampere, and three different coagulant dosages of (50 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 1 0 24.8 8.4
1000 none 0 1 5 31 8.6
1000 none 0 1 10 39 9.1
1000 none 0 1 20 44 9.4
1000 none 0 1 30 51 9.7
1000 Al2(S04)3 50 1 0 24.8 8.5
1000 Al2(S04)3 50 1 5 35 8.8
1000 Al2(S04)3 50 1 10 41 9.5
1000 Al2(S04)3 50 1 20 51 10.3
1000 Al2(S04)3 50 1 30 65 10.6
1000 FeCl3 50 1 0 24.8 8.5
1000 FeCl3 50 1 5 35 8.7
1000 FeCl3 50 1 10 43 8.9
1000 FeCl3 50 1 20 49 9.6
1000 FeCl3 50 1 30 61 10.1
1000 Fe(SO4)3 50 1 0 24.8 8.4
1000 Fe(SO4)3 50 1 5 36 8.9
1000 Fe(SO4)3 50 1 10 42 9.4
1000 Fe(SO4)3 50 1 20 53 9.9
1000 Fe(SO4)3 50 1 30 62 10.2
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Table 22 pH vs. time: Milk waste water concentration (1000 mg/l), current density 1.5
ampere, and three different coagulant dosages of (50 mg/l).
Milk
strength
mg/l
Types of 
coagulant 
mg/l
Dosage of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 1.5 0 24.8 8.5
1000 none 0 1.5 5 31 8.7
1000 none 0 1.5 10 39 9.1
1000 none 0 1.5 20 44 9.5
1000 none 0 1.5 30 51 9.8
1000 Al2(S04)3 50 1.5 0 24.8 8.5
1000 Al2(S04)3 50 1.5 5 35 8.9
1000 Al2(S04)3 50 1.5 10 41 9.7
1000 Al2(S04)3 50 1.5 20 51 10.1
1000 Al2(S04)3 50 1.5 30 65 10.7
1000 FeCl3 50 1.5 0 24.8 8.5
1000 FeCl3 50 1.5 5 35 8.9
1000 FeCl3 50 1.5 10 43 9.6
1000 FeCl3 50 1.5 20 49 10.1
1000 FeCl3 50 1.5 30 61 10.3
1000 Fe(SO4)3 50 1.5 0 24.8 8.5
1000 Fe(SO4)3 50 1.5 5 36 8.8
1000 Fe(SO4)3 50 1.5 10 42 9.2
1000 Fe(SO4)3 50 1.5 20 53 9.9
1000 Fe(SO4)3 50 1.5 30 62 10.5
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Table 23 pH vs. time: Milk waste water concentration (1000 mg/l), current density 0.5
ampere, and three different coagulant dosages of (100 mg/l).
Milk
strength
mg/l
Types of
coagulant
mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 0.5 0 24.8 8.4
1000 none 0 0.5 5 31 8.7
1000 none 0 0.5 10 39 9.3
1000 none 0 0.5 20 44 9.5
1000 none 0 0.5 30 51 9.8
1000 Al2(S04)3 100 0.5 0 24.8 8.5
1000 Al2(S04)3 100 0.5 5 35 9.2
1000 Al2(S04)3 100 0.5 10 41 9.8
1000 Al2(S04)3 100 0.5 20 51 10.4
1000 Al2(S04)3 100 0.5 30 65 11.1
1000 FeCl3 100 0.5 0 24.8 8.5
1000 FeCl3 100 0.5 5 35 8.9
1000 FeCl3 100 0.5 10 43 9.8
1000 FeCl3 100 0.5 20 49 10.5
1000 FeCl3 100 0.5 30 61 11
1000 Fe(SO4)3 100 0.5 0 24.8 8.4
1000 Fe(SO4)3 100 0.5 5 36 8.9
1000 Fe(SO4)3 100 0.5 10 42 9.8
1000 Fe(SO4)3 100 0.5 20 53 10.7
1000 Fe(SO4)3 100 0.5 30 62 11.1
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Table 24 pH vs. time: Milk waste water concentration (1000 mg/l), current density 1
ampere, and three different coagulant dosages of (100 mg/l).
Milk strength 
mg/l
Types of
coagulant
mg/l
Dosage of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 1 0 24.8 8.5
1000 none 0 1 5 31 8.7
1000 none 0 1 10 39 9.4
1000 none 0 1 20 44 9.6
1000 none 0 1 30 51 9.9
1000 Al2(S04)3 100 1 0 24.8 8.5
1000 Al2(S04)3 100 1 5 35 9
1000 Al2(S04)3 100 1 10 41 9.7
1000 Al2(S04)3 100 1 20 51 10.8
1000 Al2(S04)3 100 1 30 65 11.3
1000 FeCl3 100 1 0 24.8 8.5
1000 FeCl3 100 1 5 35 9.1
1000 FeCl3 100 1 10 43 9.9
1000 FeCl3 100 1 20 49 10.8
1000 FeCl3 100 1 30 61 11.2
1000 Fe(SO4)3 100 1 0 24.8 8.5
1000 Fe(SO4)3 100 1 5 36 9.3
1000 Fe(SO4)3 100 1 10 42 10.2
1000 Fe(SO4)3 100 1 20 53 10.9
1000 Fe(SO4)3 100 1 30 62 11.2
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Table 25 pH vs. time: Milk waste water concentration (1000 mg/l), current density 1.5
ampere, and three different coagulant dosages of (100 mg/l).
Milk strength 
mg/l
Types of 
coagulant mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 1.5 0 24.8 8.5
1000 none 0 1.5 5 31 8.7
1000 none 0 1.5 10 39 9.2
1000 none 0 1.5 20 44 9.5
1000 none 0 1.5 30 51 9.8
1000 Al2(S04)3 100 1.5 0 24.8 8.5
1000 Al2(S04)3 100 1.5 5 35 9.2
1000 Al2(S04)3 100 1.5 10 41 10.1
1000 Al2(S04)3 100 1.5 20 51 11.1
1000 Al2(S04)3 100 1.5 30 65 11.5
1000 FeCl3 100 1.5 0 24.8 8.5
1000 FeCl3 100 1.5 5 35 9.2
1000 FeCl3 100 1.5 10 43 10.4
1000 FeCl3 100 1.5 20 49 10.9
1000 FeCl3 100 1.5 30 61 11.3
1000 Fe(SO4)3 100 1.5 0 24.8 8.5
1000 Fe(SO4)3 100 1.5 5 36 9.3
1000 Fe(SO4)3 100 1.5 10 42 10.1
1000 Fe(SO4)3 100 1.5 20 53 10.9
1000 Fe(SO4)3 100 1.5 30 62 11.4
165
Table 26 pH vs. time: Milk waste water concentration (1000 mg/l), current density 0.5
ampere, and three different coagulant dosages of (150 mg/l).
Milk
strength
mg/l
Types of 
coagulant mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 0.5 0 24.8 8.5
1000 none 0 0.5 5 31 8.7
1000 none 0 0.5 10 39 9.1
1000 none 0 0.5 20 44 9.6
1000 none 0 0.5 30 51 9.8
1000 Al2(S04)3 150 0.5 0 24.8 8.4
1000 Al2(S04)3 150 0.5 5 35 9.3
1000 Al2(S04)3 150 0.5 10 41 10.4
1000 Al2(S04)3 150 0.5 20 51 11.3
1000 Al2(S04)3 150 0.5 30 65 11.6
1000 FeCl3 150 0.5 0 24.8 8.5
1000 FeCl3 150 0.5 5 35 9.3
1000 FeCl3 150 0.5 10 43 10.4
1000 FeCl3 150 0.5 20 49 11.1
1000 FeCl3 150 0.5 30 61 11.6
1000 Fe(SO4)3 150 0.5 0 24.8 8.5
1000 Fe(SO4)3 150 0.5 5 36 9.5
1000 Fe(SO4)3 150 0.5 10 42 10.5
1000 Fe(SO4)3 150 0.5 20 53 11.1
1000 Fe(SO4)3 150 0.5 30 62 11.7
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Table 27 pH vs. time: Milk waste water concentration (1000 mg/l), current density 1
ampere, and three different coagulant dosages of (150 mg/l).
Milk strength 
mg/l
Types of
coagulant
mg/l
Dosage of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 1 0 24.8 8.5
1000 none 0 1 5 31 8.8
1000 none 0 1 10 39 9.1
1000 none 0 1 20 44 9.4
1000 none 0 1 30 51 9.7
1000 Al2(S04)3 150 1 0 24.8 8.5
1000 Al2(S04)3 150 1 5 35 9.3
1000 Al2(S04)3 150 1 10 41 10.4
1000 Al2(S04)3 150 1 20 51 11.2
1000 Al2(S04)3 150 1 30 65 11.7
1000 FeCl3 150 1 0 24.8 8.5
1000 FeCl3 150 1 5 35 9.3
1000 FeCl3 150 1 10 43 10.4
1000 FeCl3 150 1 20 49 10.9
1000 FeCl3 150 1 30 61 11.4
1000 Fe(SO4)3 150 1 0 24.8 8.5
1000 Fe(SO4)3 150 1 5 36 9.4
1000 Fe(SO4)3 150 1 10 42 10.4
1000 Fe(SO4)3 150 1 20 53 11.4
1000 Fe(SO4)3 150 1 30 62 11.8
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Table 28 pH vs. time: Milk waste water concentration (1000 mg/l), current density 1.5
ampere, and three different coagulant dosages of (150 mg/l).
Milk strength 
mg/l
Types of
coagulant mg/l
Dosage
of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0) PH
1000 none 0 1 0 24.8 8.5
1000 none 0 1 5 31 8.8
1000 none 0 1 10 39 9.1
1000 none 0 1 20 44 9.4
1000 none 0 1 30 51 9.7
1000 Al2(S04)3 150 1 0 24.8 8.5
1000 Al2(S04)3 150 1 5 35 9.3
1000 Al2(S04)3 150 1 10 41 10.4
1000 Al2(S04)3 150 1 20 51 11.2
1000 Al2(S04)3 150 1 30 65 11.7
1000 FeCl3 150 1 0 24.8 8.5
1000 FeCl3 150 1 5 35 9.3
1000 FeCl3 150 1 10 43 10.4
1000 FeCl3 150 1 20 49 10.9
1000 FeCl3 150 1 30 61 11.4
1000 Fe(SO4)3 150 1 0 24.8 8.5
1000 Fe(SO4)3 150 1 5 36 9.4
1000 Fe(SO4)3 150 1 10 42 10.4
1000 Fe(SO4)3 150 1 20 53 11.4
1000 Fe(SO4)3 150 1 30 62 11.8
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Table 29 Temperature vs. time: milk waste water strength (150 mg/l) and 0.5 ampere
current, and three different coagulant dosages of (50 mg/l).
Milk strength 
mg/l
Types of
coagulant
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0)
150 none 0.5 0 24.8
150 none 0.5 5 29
150 none 0.5 10 34
150 none 0.5 20 38
150 none 0.5 30 42
150 Al2(S04)3 0.5 0 24.8
150 Al2(S04)3 0.5 5 33
150 Al2(S04)3 0.5 10 41
150 Al2(S04)3 0.5 20 47
150 Al2(S04)3 0.5 30 58
150 FeCl3 0.5 0 24.8
150 FeCl3 0.5 5 30
150 FeCl3 0.5 10 38
150 FeCl3 0.5 20 44
150 FeCl3 0.5 30 51
150 Fe(SO4)3 0.5 0 24.8
150 Fe(SO4)3 0.5 5 31
150 Fe(SO4)3 0.5 10 34
150 Fe(SO4)3 0.5 20 45
150 Fe(SO4)3 0.5 30 54
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Table 30 Temperature vs. time: milk waste water strength (150 mg/l) and 1 ampere current,
and three different coagulant dosages of (50 mg/l).
Milk strength 
mg/l
Types of 
coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0)
150 none 1 0 24.8
150 none 1 5 30
150 none 1 10 36
150 none 1 20 41
150 none 1 30 45
150 Al2(S04)3 1 0 24.8
150 Al2(S04)3 1 5 34
150 Al2(S04)3 1 10 43
150 Al2(S04)3 1 20 53
150 Al2(S04)3 1 30 61
150 FeCl3 1 0 24.8
150 FeCl3 1 5 32
150 FeCl3 1 10 36
150 FeCl3 1 20 49
150 FeCl3 1 30 62
150 Fe(SO4)3 1 0 24.8
150 Fe(SO4)3 1 5 33
150 Fe(SO4)3 1 10 39
150 Fe(SO4)3 1 20 49
150 Fe(SO4)3 1 30 63
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Table 31 Temperature vs. time: milk waste water strength (150 mg/l) and 1.5 ampere
current, and three different coagulant dosages of (50 mg/l).
Milk Strength 
mg/l
Types of 
coagulant mg/l
Current Density 
(Ampere)
Time
(min)
Temp
(C0)
150 none 1.5 0 24.8
150 none 1.5 5 30
150 none 1.5 10 36
150 none 1.5 20 41
150 none 1.5 30 45
150 Al2(S04)3 1.5 0 24.8
150 Al2(S04)3 1.5 5 34
150 Al2(S04)3 1.5 10 43
150 Al2(S04)3 1.5 20 53
150 Al2(S04)3 1.5 30 61
150 FeCl3 1.5 0 24.8
150 FeCl3 1.5 5 32
150 FeCl3 1.5 10 36
150 FeCl3 1.5 20 49
150 FeCl3 1.5 30 62
150 Fe(SO4)3 1.5 0 24.8
150 Fe(SO4)3 1.5 5 33
150 Fe(SO4)3 1.5 10 39
150 Fe(SO4)3 1.5 20 49
150 Fe(SO4)3 1.5 30 63
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Table 32 Temperature vs. time: milk waste water concentration 575mg/l and current
density of 0.5 ampere, and three different coagulant dosages of (50 mg/l).
Milk strength 
mg/l
Types of 
coagulant mg/l
Current Density 
(Ampere)
Time
(min)
Temp
(C0)
575 none 0.5 0 24.8
575 none 0.5 5 28
575 none 0.5 10 32
575 none 0.5 20 38
575 none 0.5 30 42
575 Al2(S04)3 0.5 0 24.8
575 Al2(S04)3 0.5 5 28
575 Al2(S04)3 0.5 10 33
575 Al2(S04)3 0.5 20 41
575 Al2(S04)3 0.5 30 49
575 FeCl3 0.5 0 24.8
575 FeCl3 0.5 5 28
575 FeCl3 0.5 10 31
575 FeCl3 0.5 20 38
575 FeCl3 0.5 30 44
575 Fe(SO4)3 0.5 0 24.8
575 Fe(SO4)3 0.5 5 30
575 Fe(SO4)3 0.5 10 33
575 Fe(SO4)3 0.5 20 41
575 Fe(SO4)3 0.5 30 47
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Table 33 Temperature vs. time: milk waste water concentration (575mg/l and current
density of 1 ampere, and three different coagulant dosages of (50 mg/l).
Milk
strength
mg/l
Types of coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0)
575 none 1 0 24.8
575 none 1 5 29
575 none 1 10 33
575 none 1 20 40
575 none 1 30 45
575 Al2(S04)3 1 0 24.8
575 Al2(S04)3 1 5 31
575 Al2(S04)3 1 10 33
575 Al2(S04)3 1 20 45
575 Al2(S04)3 1 30 54
575 FeCl3 1 0 24.8
575 FeCl3 1 5 31
575 FeCl3 1 10 33
575 FeCl3 1 20 39
575 FeCl3 1 30 51
575 Fe(SO4)3 1 0 24.8
575 Fe(SO4)3 1 5 30
575 Fe(SO4)3 1 10 37
575 Fe(SO4)3 1 20 42
575 Fe(SO4)3 1 30 50
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Table 34 Temperature vs. time: milk waste water concentration (575mg/l) and
current density of 1.5 ampere, and three different coagulant dosages of (50 mg/l).
Milk Strength 
mg/l
Types of 
coagulant mg/l
Current Density 
(Ampere)
Time
(min)
Temp
(C0)
575 none 1.5 0 24.8
575 none 1.5 5 32
575 none 1.5 10 35
575 none 1.5 20 43
575 none 1.5 30 51
575 Al2(S04)3 1.5 0 24.8
575 Al2(S04)3 1.5 5 32
575 Al2(S04)3 1.5 10 39
575 Al2(S04)3 1.5 20 49
575 Al2(S04)3 1.5 30 57
575 FeCl3 1.5 0 24.8
575 FeCl3 1.5 5 33
575 FeCl3 1.5 10 41
575 FeC3 1.5 20 46
575 FeCl3 1.5 30 53
575 Fe(SO4)3 1.5 0 24.8
575 Fe(SO4)3 1.5 5 32
575 Fe(SO4)3 1.5 10 38
575 Fe(SO4)3 1.5 20 45
575 Fe(SO4)3 1.5 30 54
174
Table 35 Temperature vs. time: milk waste water concentration (1000mg/l) and current
density of 0.5 ampere, and three different coagulant dosages of (50 mg/l).
Milk Strength 
mg/l
Types of coagulant 
mg/l
Current Density 
(Ampere)
Time
(min)
Temp
(C0)
1000 none 0.5 0 24.8
1000 none 0.5 5 27
1000 none 0.5 10 34
1000 none 0.5 20 38
1000 none 0.5 30 43
1000 Al2(S04)3 0.5 0 24.8
1000 Al2(S04)3 0.5 5 31
1000 Al2(S04)3 0.5 10 37
1000 Al2(S04)3 0.5 20 45
1000 Al2(S04)3 0.5 30 52
1000 FeCl3 0.5 0 24.8
1000 FeCl3 0.5 5 28
1000 FeCl3 0.5 10 36
1000 FeCl3 0.5 20 47
1000 FeCl3 0.5 30 53
1000 Fe(SO4)3 0.5 0 24.8
1000 Fe(SO4)3 0.5 5 34
1000 Fe(SO4)3 0.5 10 39
1000 Fe(SO4)3 0.5 20 45
1000 Fe(SO4)3 0.5 30 55
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Table 36 Temperature vs. time: milk waste water concentration (1000mg/l) and current
density of 1 ampere, and three different coagulant dosages of (50 mg/l).
Milk Strength 
mg/l
Types of
coagulant
mg/l
Current Density 
(Ampere) Time(min) Temp(C0)
1000 none 1 0 24.8
1000 none 1 5 29
1000 none 1 10 37
1000 none 1 20 41
1000 none 1 30 48
1000 Al2(S04)3 1 0 24.8
1000 Al2(S04)3 1 5 33
1000 Al2(S04)3 1 10 39
1000 Al2(S04)3 1 20 49
1000 Al2(S04)3 1 30 62
1000 FeCl3 1 0 24.8
1000 FeCl3 1 5 34
1000 FeCl3 1 10 40
1000 FeCl3 1 20 48
1000 FeCl3 1 30 58
1000 Fe(SO4)3 1 0 24.8
1000 Fe(SO4)3 1 5 32
1000 Fe(SO4)3 1 10 37
1000 Fe(SO4)3 1 20 47
1000 Fe(SO4)3 1 30 61
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Table 37 Temperature vs. time: milk waste water concentration (1000mg/l) and current
density of 1.5 ampere, and three different coagulant dosages of (50 mg/l).
Milk Strength 
mg/l
Types of coagulant 
mg/l
Current
Density
(Ampere)
Time
(min)
Temp
(C0)
1000 none 1.5 0 24.8
1000 none 1.5 5 31
1000 none 1.5 10 39
1000 none 1.5 20 44
1000 none 1.5 30 51
1000 Al2(S04)3 1.5 0 24.8
1000 Al2(S04)3 1.5 5 35
1000 Al2(S04)3 1.5 10 41
1000 Al2(S04)3 1.5 20 51
1000 Al2(S04)3 1.5 30 65
1000 FeCl3 1.5 0 24.8
1000 FeCl3 1.5 5 35
1000 FeCl3 1.5 10 43
1000 FeCl3 1.5 20 49
1000 FeCl3 1.5 30 61
1000 Fe(SO4)3 1.5 0 24.8
1000 Fe(SO4)3 1.5 5 36
1000 Fe(SO4)3 1.5 10 42
1000 Fe(SO4)3 1.5 20 53
1000 Fe(SO4)3 1.5 30 62
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Appendix B
Figures mentioned in entire study.
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Figure 54 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 50 mg/l
Al2 (SO4)3 coagulant dosage.
Figure 55 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 50 mg/l
FeCl3 coagulant dosage.
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Figure 56 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 50 mg/l 
Fe (SO4)3 coagulant dosage.
Figure 57 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and no
coagulant added.
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Figure 58 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and 50 mg/l
Al2 (SO4)3 coagulant dosage.
coagulant dosage.
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Figure 60 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and 50 mg/l
Fe (SO4)3 coagulant dosage.
Figure 61 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and no
coagulant added.
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62 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and 100 mg/l Al2
(SO4)3 coagulant dosage.
Figure 63 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and 100 mg/l
FeCl3 coagulant dosage.
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Figure 64 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere eand100
mg/l Fe (SO4)3 coagulant dosage.
Figure 65 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and no
coagulant added.
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Figure 66 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 100 mg/l 
Al2 (SO4)3 coagulant dosage.
Figure 67 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 100 mg/l 
FeCl3 coagulant dosage.
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Figure 68 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 50 mg/l
Fe (SO4)3 coagulant dosage.
Figure 69 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and no
coagulant added.
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Figure 70 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and 100
mg/l Al2 (SO4)3 coagulant dosage.
Figure 71 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and 100
mg/l FeCl3 coagulant dosage.
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Figure 72 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and 100 
mg/l Fe (SO4)3 coagulant dosage.
Figure 73 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and no
coagulant added.
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Figure 74 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and 100
mg/l Al2 (SO4)3 coagulant dosage.
Figure 75 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and
100mg/l FeCl3 coagulant dosage.
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Figure 76 Turbidity vs. time: Milk waste water strength 150 mg/l, 0.5 ampere and 100 
mg/l Fe (SO4)3 coagulant dosage.
Figure 77 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and no
coagulant added.
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Figure 78 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 100 mg/l
Al2 (SO4)3 coagulant dosage.
Figure 79 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 100 mg/l
FeCl3 coagulant dosage.
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Figure 80 Turbidity vs. time: Milk waste water strength 150 mg/l, 1 ampere and 50 mg/l
Fe (SO4)3 coagulant dosage.
Figure 81 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and no
coagulant added.
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Figure 82 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and 100 
mg/l Al2 (SO4)3 coagulant dosage.
Figure 83 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and 100 
mg/l FeCl3 coagulant dosage.
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Figure 84 Turbidity vs. time: Milk waste water strength 150 mg/l, 1.5 ampere and 100
mg/l Fe (SO4)3 coagulant dosage.
Figure 85 Turbidity vs. time: Milk waste water strength575 mg/l, 0.5 ampere and no
coagulant added.
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Figure 86 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and 50 mg/l 
Al2 (SO4)3 coagulant dosage.
Figure 87 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and 50 mg/l
FeCl3 coagulant dosage.
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Figure 88 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and 50 mg/l 
Fe (SO4)3 coagulant dosage.
Figure 89 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and no 
coagulant added.
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Figure 90 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and 50 mg/l
Al2 (SO4)3 coagulant dosage.
Figure 91 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and 50 mg/l
FeCl3 coagulant dosage.
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Figure 92 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and 50 mg/l 
Fe (SO4)3 coagulant dosage.
Figure 93 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and no
coagulant added.
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Figure 94 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 50 mg/l 
Al2 (SO4)3 coagulant dosage.
Figure 95 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 50
mg/l FeCl3 coagulant dosage.
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Figure 96 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 50 
mg/l Fe (SO4)3 coagulant dosage.
Figure 97 Turbidity vs. time: Milk waste water strength575 mg/l, 0.5 ampere and no
coagulant added.
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Figure 98 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and100 mg/l 
Al2 (SO4)3 coagulant dosage.
Figure 99 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and 100 
mg/l FeCl3 coagulant dosage.
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Figure 100 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and 100
mg/l Fe (SO4)3 coagulant dosage.
Figure 101 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and no
coagulant added.
202
Figure 102 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and 100 
mg/l Al2 (SO4)3 coagulant dosage.
Figure 103 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and 100
mg/l FeCl3 coagulant dosage.
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Figure 104 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and 100 
mg/l Fe (SO4)3 coagulant dosage.
Figure 105 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and no
coagulant added.
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Figure 106 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 100
mg/l Al2 (SO4)3 coagulant dosage.
Figure 107 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 100
mg/l FeCl3 coagulant dosage.
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Figure 108 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 100 
mg/l Fe (SO4)3 coagulant dosage.
Figure 109 Turbidity vs. time: Milk waste water strength575 mg/l, 0.5 ampere and no
coagulant added.
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Figure 110 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and150
mg/l Al2 (SO4)3 coagulant dosage.
Figure 111 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and 150
mg/l FeCl3 coagulant dosage.
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Figure 112 Turbidity vs. time: Milk waste water strength 575 mg/l, 0.5 ampere and 150
mg/l Fe (SO4)3 coagulant dosage.
Figure 113 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and no
coagulant added.
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Figure 114 Turbidity vs. time: Milk waste water strength 575 mg/l, Ampere and 150 mg/l 
Al2 (SO4)3 coagulant dosage.
Figure 115 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and 150
mg/l FeCl3 coagulant dosage.
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Figure 116 Turbidity vs. time: Milk waste water strength 575 mg/l, 1 ampere and 150 
mg/l Fe (SO4)3 coagulant dosage.
Figure 117 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and no
coagulant added.
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Figure 118 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 150
mg/l Al2 (SO4)3 coagulant dosage.
Figure 119 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 150
mg/l FeCl3 coagulant dosage.
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Figure 120 Turbidity vs. time: Milk waste water strength 575 mg/l, 1.5 ampere and 150 
mg/l Fe (SO4)3 coagulant dosage.
Figure 121 Turbidity vs. time: Milk waste water strength1000 mg/l, 0.5 ampere and no
coagulant added.
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Figure 122 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and 50
mg/l Al2 (SO4)3 coagulant dosage.
Figure 123 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and 50
mg/l FeCl3 coagulant dosage.
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Figure 124 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and 50
mg/l Fe (SO4)3 coagulant dosage.
Figure 125 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and no
coagulant added.
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Figure 126 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 50 
mg/l Al2 (SO4)3 coagulant dosage.
Figure 127 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 50
mg/l FeCl3 coagulant dosage.
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Figure 128 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 50 mg/l Fe 
(SO4)3 coagulant dosage.
Figure 129 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and no
coagulant added.
216
Figure 130 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 50 
mg/l Al2 (SO4)3 coagulant dosage.
Figure 131 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 50
mg/l FeCl3 coagulant dosage.
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Figure 132 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 50 
mg/l Fe (SO4)3 coagulant dosage.
Figure 133 Turbidity vs. time: Milk waste water strength1000 mg/l, 0.5 ampere and no
coagulant added.
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Figure 134 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and100 
mg/l Al2 (SO4)3 coagulant dosage.
135 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and 100 mg/l
FeCl3 coagulant dosage.
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Figure 136 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and 100
mg/l Fe (SO4)3 coagulant dosage.
Figure 137 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and no coagulant
added.
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Figure 138 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 100 
mg/l Al2 (SO4)3 coagulant dosage.
Figure 139 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 100 
mg/l FeCl3 coagulant dosage.
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Figure 140 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 100
mg/l Fe (SO4)3 coagulant dosage.
Figure 141 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and no 
coagulant added.
222
Figure 142 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 100 
mg/l Al2 (SO4)3 coagulant dosage.
Figure 143 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 100 mg/l
FeCl3 coagulant dosage.
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Figure 144 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 100
mg/l Fe (SO4)3 coagulant dosage.
Figure 145 Turbidity vs. time: Milk waste water strength1000 mg/l, 0.5 ampere and no coagulant
added.
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Figure 146 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and150 
mg/l Al2 (SO4)3 coagulant dosage.
Figure 147 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and 150
mg/l FeCl3 coagulant dosage.
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Figure 148 Turbidity vs. time: Milk waste water strength 1000 mg/l, 0.5 ampere and 150 
mg/l Fe (SO4)3 coagulant dosage.
Figure 149 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and no
coagulant added.
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Figure 150 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 150 
mg/l Al2 (SO4)3 coagulant dosage.
Figure 151 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 150
mg/l FeCl3 coagulant dosage.
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Figure 152 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1 ampere and 150
mg/l Fe (SO4)3 coagulant dosage.
Figure 153 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and no
coagulant added.
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Figure 154 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 150
mg/l Al2 (SO4)3 coagulant dosage.
Figure 155 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 150
mg/l FeCl3 coagulant dosage.
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Figure 156 Turbidity vs. time: Milk waste water strength 1000 mg/l, 1.5 ampere and 150 
mg/l Fe (SO4)3 coagulant dosage.
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Figure 157 General Regression Analysis: TOC removal vs time run # 9.
Regression Equation
TOC(Removal) = 71.25 - 2.45 Time
Coefficients
Term Coef SE Coef T P
Constant 71.25 8.67778 8.21062 0.004
Time -2.45 0.51403 -4.76628 0.018
Summary of Model
S = 12.3794 R-Sq = 88.33% R-Sq(adj) = 84.45% 
PRESS = 1782.44 R-Sq(pred) = 54.77%
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P 
Regression 1 3481.45 3481.45 3481.45 22.7175 0.0175412
Time 1 3481.45 3481.45 3481.45 22.7175 0.0175412
Error 3 459.75 459.75 153.25
Total 4 3941.20
Fits and Diagnostics for Unusual Observations 
No unusual observation
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Figure 158 General Regression Analysis: TOC removal vs time run # 18.
Regression Equation
TOC(Removal) = 71.25 - 2.45 Time
Coefficients
Term Coef SE Coef T P
Constant 71.25 5.31403 13.4079 0.000
Time -2.45 0.31478 -7.7833 0.000
Summary of Model
S = 10.7209 R-Sq = 88.33% R-Sq(adj) = 86.88%
PRESS = 1452.78 R-Sq(pred) = 81.57%
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P
Regression 1 6962.9 6962.9 6962.90 60.5799 0.0000532
Time 1 6962.9 6962.9 6962.90 60.5799 0.0000532
Error 8 919.5 919.5 114.94
Lack-of-Fit 3 919.5 919.5 306.50 * *
Pure Error 5 0.0 0.0 0.00
Total 9 7882.4
Fits and Diagnostics for Unusual Observations 
No unusual observations
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Figure 159 General Regression Analysis: TOC removal vs time Run # 27.
Regression Equation
TOC(Removal) = 70.0776 - 2.43161 Time
Coefficients
Term Coef SE Coef T P
Constant 70.0776 4.33512 16.1651 0.000
Time -2.4316 0.25679 -9.4692 0.000
Summary of Model
S = 10.7116 R-Sq = 87.34% R-Sq(adj) = 86.36%
PRESS = 1977.36 R-Sq(pred) = 83.21%
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P
Regression 1 10288.1 10288.1 10288.1 89.666 0.0000003
Time 1 10288.1 10288.1 10288.1 89.666 0.0000003
Error 13 1491.6 1491.6 114.7
Lack-of-Fit 3 1460.9 1460.9 487.0 158.797 0.0000000
Pure Error 10 30.7 30.7 3.1
Total 14 11779.7
Fits and Diagnostics for Unusual Observations 
No unusual observations
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Figure 160 General Regression Analysis: TOC removal vs time run # 36.
Regression Equation
TOC(Removal) = 68.2823 - 2.44095 Time
Coefficients
Term Coef SE Coef T P
Constant 68.2823 4.30839 15.8487 0.000
Time -2.4409 0.25521 -9.5646 0.000
Summary of Model
S = 12.2924
PRESS = 3343.
R-Sq = 83.56%
80 R-Sq(pred) = 79.79%
R-Sq(adj) = 82.65%
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P
Regression 1 13823.1 13823.1 13823.1 91.4810 0.0000000
Time 1 13823.1 13823.1 13823.1 91.4810 0.0000000
Error 18 2719.9 2719.9 151.1
Lack-of-Fit 3 2314.1 2314.1 771.4 28.5164 0.0000019
Pure Error 15 405.8 405.8 27.1
Total 19 16543.0
Fits and Diagnostics for Unusual Observations
No unusual observations
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Figure 161 General Regression Analysis: TOC removal vs time run # 45.
Regression Equation
(TOC) Removal = 487.397 - 12.169 Time
Coefficients
Term Coef SE Coef T P
Constant 487.397 41.9386 11.6217 0.001
Time -12.169 2.4842 -4.8985 0.016
Summary of Model
S = 59.8282
PRESS = 38806.1
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P
Regression 1 85888.6 85888.6 85888.6 23.9951 0.0162811
Time 1 85888.6 85888.6 85888.6 23.9951 0.0162811
Error 3 10738.2 10738.2 3579.4
Total 4 96626.8
Fits and Diagnostics for Unusual Observations
No unusual observations
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Figure 162 General Regression Analysis: TOC removal vs time Run # 54.
Regression Equation
(TOC) Removal = 477.328 - 14.7483 Time
Coefficients
Term Coef SE Coef T P
Constant 477.328 44.2277 10.7925 0.000
Time -14.748 2.6198 -5.6295 0.000
Summary of Model
S = 89.2279 R-Sq = 79.84% R-Sq(adj) = 77.32%
PRESS = 104470 R-Sq(pred) = 66.94%
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P
Regression 1 252314 252314 252314 31.6913 0.000493
Time 1 252314 252314 252314 31.6913 0.000493
Error 8 63693 63693 7962
Lack-of-Fit 3 34922 34922 11641 2.0230 0.229372
Pure Error 5 28771 28771 5754
Total 9 316006
Fits and Diagnostics for Unusual Observations 
No unusual observations
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Figure 163 General Regression Analysis: TOC removal vs time run # 63.
Regression Equation
(TOC) Removal = 468.721 - 15.8914 Time
Coefficients
Term Coef SE Coef T P
Constant 468.721 41.7960 11.2145 0.000
Time -15.891 2.4758 -6.4187 0.000
Summary of Model
S = 103.273 R-Sq = 76.01% R-Sq(adj) = 74.17%
PRESS = 185752 R-Sq(pred) = 67.87%
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P
Regression 1 439413 439413 439413 41.2001 0.0000228
Time 1 439413 439413 439413 41.2001 0.0000228
Error 13 138649 138649 10665
Lack-of-Fit 3 81861 81861 27287 4.8051 0.0253005
Pure Error 10 56788 56788 5679
Total 14 578062
Fits and Diagnostics for Unusual Observations 
No unusual observation
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Figure 164 General Regression Analysis: TOC removal vs time run #72.
Regression Equation
(TOC) Removal = 416.588 - 14.2953 Time
Coefficients
Term Coef SE Coef T P
Constant 416.588 39.0515 10.6677 0.000
Time -14.295 2.3132 -6.1798 0.000
Summary of Model
S = 111.419 R-Sq = 67.97% R-Sq(adj) = 66.19%
PRESS = 277322 R-Sq(pred) = 60.24%
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P
Regression 1 474102 474102 474102 38.1903 0.0000078
Time 1 474102 474102 474102 38.1903 0.0000078
Error 18 223455 223455 12414
Lack-of-Fit 3 84836 84836 28279 3.0600 0.0605854
Pure Error 15 138619 138619 9241
Total 19 697558
Fits and Diagnostics for Unusual Observations 
No unusual observation
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Figure 165 General Regression Analysis TOC removal vs time run # 81.
Regression Equation
(TOC) Removal = 350.66 - 11.4151 Time
Coefficients
Term Coef SE Coef T P
Constant 350.660 41.3845 8.47323 0.000
Time -11.415 2.4514 -4.65655 0.000
Summary of Model
S = 132.012 R-Sq = 48.53% R-Sq(adj) = 46.29% 
PRESS = 478000 R-Sq(pred) = 38.62%
Analysis of Variance
Source DF Seq SS Adj SS Adj MS F P
Regression 1 377883 377883 377883 21.6835 0.000110
Time 1 377883 377883 377883 21.6835 0.000110
Error 23 400827 400827 17427
Lack-of-Fit 3 67703 67703 22568 1.3549 0.285111
Pure Error 20 333124 333124 16656
Total 24 778710
Fits and Diagnostics for Unusual Observation. 
No unusual observation.
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